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DORMANCY IN RELATION TO PLUCKING AND 
PRUNING OF THE TEA PLANT 


W. WIGHT 
Tocklai Experimental Station, Indian Tea Association, Cinnamara, Assam 


Introduction 


The science of the tea plant can be 
hampered by the ease with which one 
assimilates facile modes of thought which 
practical men have already established. 
On the other hand, to cast these aside and 
develop the subject from preconceived 
principles may miss much that is of 
real value. The observations of practical 
men are invariably sound — their inter- 
pretations less often so; but these men 
have, sometimes, proved less conservative 
than the inexperienced scientist. With 
these considerations in mind, it is the 
object of this article to co-ordinate prac- 
tical and scientific views of the banjhi 
phenomenon of the tea plant, to which 
numerous references are made in the 
literature without adequate description. 


Some Common Terms 


A tea shoot is said to have become 
banjh when it is terminated by a banjhi 
bud (Fig. 1). Banjhi means sterile and 
refers to a dormant or resting condition 
of the terminal bud. In the banjhi state, 
the bud is much smaller than it was in 
the earlier growing condition ( Fig. 3 ). 

The terminal bud of a tea shoot is a 
compact structure. In the banjhi condi- 
tion it is enclosed by two or more bud 
scales, commonly known as Jjanams. 
Janam means ‘birth’ and as applied to 
the tea plant, refers to the ‘ birth scale’ 
of the bud. 


Nature of the Shoot Apex 


When the shoot is elongating, its apex, 
commonly known as the bud, is tightly 
wrapped in a foliage leaf which is normal 


in all respects except that it is not ex- 
panded. At intervals, the outermost leaf 
of the bud unwraps comparatively sudden- 
ly ( Fig. 4). 

Because there is no essential difference 
between leaves which have unwrapped 
and those which have not, the term ‘ bud’ 
gives too great a distinction to that which 
may be better described as the growing 
apex. It is necessary to align the com- 
mon parlance of the tea industry with 
that generally understood elsewhere. We, 
therefore, describe the apical part of an 
elongating shoot by the synonymous 
terms ‘ growing apex’ or ‘ growing bud’. 
The rest or dormant condition, when 
leaves are not being unfolded and the 
apex is bounded by janams or bud scales, 
we describe as ‘ banjhi’. Following the 
parlance of the industry, the apical part 
of the shoot, without qualification, is 
designated ‘bud’. ‘Two and a bud’ is 
a generally accepted standard of plucking 
and refers to a growing apex and the 
two immature leaves immediately below 
the apex. Those who are unfamiliar with 
the system of plucking a tea bush will 
find an account in a paper by Wight 
& Barua (1955) which is in the press 
at the time of writing this article. 

The way in which the apical leaves 
are clearly recognizable as a ‘ growing 
bud’, and the relatively discontinuous 
way, in which successive leaves are thrown 
off, is characteristic of the Theaceae, the 
natural order to which the tea plant 
belongs. The same characteristic is re- 
flected in the way a banjhi bud appears 
suddenly at the top of a shoot as soon as 
the last leaf unfolds. 

When the ultimate leaf is wrapped 
around the apex, it is of considerable 
length. As soon as this leaf unfolds, it 
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Fics. 1-4 — Fig. 1. Terminal bud of a tea shoot in the banjhi or dormant state. Fig. 2. Re- 
sumption of growth by the terminal banjhi bud of a tea shoot. One janam has fallen from the 
stem, another remains in position, and a gol-pat or transitional leaf, has unfolded. Fig. 3. Terminal 
bud of a tea shoot in the growing condition ( growing apex). The bud is longer than half the 
length of the topmost leaf. The next leaf would unfold within,24 hr. in the plains of Assam 
under monsoon conditions. Fig. 4. Terminal bud of a tea shoot in the growing condition. Under 
monsoon conditions in the plains of Assam, the topmost leaf would have unfolded from the bud 
within the past 6 hr, The bud is less than half the length of the topmost leaf, 
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discloses a much smaller banjhi bud. The 
shoot may remain in this condition for 
a considerable time. When it begins 
to grow, the inner rudiments of the new 
leaves elongate at great speed, and push 
off the outermost janams (Fig. 2); and 
the bud again becomes of a considerable 
length which is comparable with the 
length of the last unfolded leaf immediate- 
ly below the bud. Between the janams 
at the base of the shoot, which fall off, and 
the first “ normal’ leaf, there is frequently 
a persistent leaf of intermediate form, 
commonly known as a ‘ fish leaf’ or gol-pat 
(round leaf). 


Notion of Banjhiness 


The relative proportions of banjhi and 
growing shoots upon the surface of a 
tea bush, lead to the common notion of 
“ banjhiness’. The same notion could be 
expressed as ‘ growingness ’. There is no 
valid distinction between a state of growth 
and a state of banjhiness, for the bush 
as a whole. One term is merely the in- 
verse of the other. 

Practical men often say that the bush 
suddenly becomes banjhi. This is largely 
a matter of personal viewpoint, There 
is always a continuous change between 
the two extreme expressions of the growth 
of the bush. The proportion of banjhi 
shoots may be high at one time, low at 
another; or may remain almost constant 
depending upon cultural treatment and 
age and vigour of the plant. 


Possibility of Defining Periods 


The proportion of banjhi shoots can 
remain more or less constant, and, there- 
fore, the number of banjhi shoots on the 
surface of the bush will not satisfactorily 
define periods of growth of the plant as a 
whole. 

If apical growth be allowed to proceed 
uninterruptedly, then phases of growth 
are permanently marked on a shoot by 
janam scars which show the previous 
position of a banjhi bud (Fig. 5). These 
scars are equivalent to the bud traces 
which are recognized in trees of temperate 
regions. In an unplucked tea plant, 
several such traces are formed on one 


shoot in one year. But to define phases 
in terms of the plant as a whole neces- 
sitates the more complex consideration 
of how many shoots have passed through 
a given number of phases. 

Successive phases of growth which are 
demarcated along a single unplucked 
stem are not strictly homologous; they 
belong to different generations of activity 
of the stem apex; and at any moment 
the shoots on one plant differ in the 
number of phases of growth which have 
been completed. Thus, periods of growth 
of the plant as a whole cannot be ade- 
quately defined unless one considers the 
past differences within those shoots which 
one categorizes collectively as ‘ growing’ 
and‘ dormant’. If the shoots be plucked, 
then the picture becomes more complex. 

There is, of course, no objection to the 
use of the common term ‘ flush period’ 
to describe periods when a large pro- 
portion of growing shoots is found on 
the surface of the tea bush; and there 
may sometimes be an association of the 
more distinctive of these periods with 
specific calendar periods; but this prac- 
tical method of definition is inadequate 
for the purpose of scientific investigations, 

The changes which we wish to consider 
in subsequent paragraphs are those in 
the proportion of shoots which are ap- 
proaching banjhiness; therefore, it is 
necessary to state that we are not con- 
cerned with the delimitation of time 
periods. Time periods of general utility 
can be defined, but are beyond the scope 
of the present article. 


Economic Significance of Banjhi Buds 


Banjhi buds are disliked because their 
presence has a detrimental effect upon 
the appearance and cash value of the 
made tea. As only a given number of 
unfolded leaves ( generally two ) counting 
back from the apex, are plucked as a shoot, 
therefore, a banjhi bud means a reduced 
weight of the shoot and so of the plucking 
yield. Furthermore, their presence is 
generally taken as an indication that the 
dormant buds on the stump, which is 
left behind when the shoot is plucked, 
will be tardy to ‘break’ (or ‘come 
away’) and the regeneration of some 
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Fics. 5-8— Fig. 5. The boundary between two flushes of a tea shoot, marked by one janam 
scar and one large janam which will eventually fall off and leave a second scar. The janam scars 
are homologous with a bud trace and mark the previous position of a banjhi bud. Fig. 6. A vigo- 
rous tea shoot with the terminal bud in an arrested stage homologous with that in Fig. 1. Note the 
absence of janams ( cataphylls ), the reduced internodes and small size of leaf. Later, the position 
of this phase of apical growth will not be so evident upon the stem as Fig. 5. and will be detected 
only by consideration of the size relations of successive leaves and internodes. Fig. 7. Apex of a 
vigorous tea shoot showing more definite ‘ dormancy’ than Fig. 6 ( but without janams as Figs. 1 
and 2). The position of this phase will be marked upon the stem by a leaf of noticeably reduced 
size. Fig. 8. The result of plucking a tea shoot. The leader has been ‘tipped’. Three axil 
buds have produced shoots of the first order, the lowermost being removed for convenience of 
illustration. Two first order shoots have been plucked and have given rise to a total of three second 
order shoots; and one-third order shoot; these also have been plucked. The foliage leaves, in the 
axils of which the first order shoots originated, have been removed for convenience of illustration. 
Note the absence of foliage leaves in the plucking system — only large janams, gol-pat and 
transitional forms remain. 
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further crop of shoots will be delayed. 
If the proportion of banjhi buds removed 
by plucking is not sufficiently high to 
arouse comment, then the connection 
between the state of the population of 
shoots today, and the rate at which 
- another lot will push up towards the 
plucking level, will escape general notice. 

When the proportion of banjhi buds 
becomes sufficiently high to attract atten- 
tion on account of their economic im- 
plications, then, by the standards of 
the observer, the bush has suddenly be- 
come banjhi. But this is an equivocal 
statement which cannot be stretched into 
a general principle. 


Limitations of the Banjhiness Concept 


If, for any reason, plucking be delayed, 
even for one or two days, then banjhi 
buds, which would not otherwise have 
been seen, may appear on an unexpectedly 
high proportion of the shoots. 

We may suppose the proportion of 
banjhi buds to be high this week. Dis- 
section of the buds last week, before they 
arrived at the plucking level and before 
they appeared to be banjhi, would have 
revealed all the potential banjhi buds 
inside the growing apices; and many of 
them could have been detected the week 
before last. A little thought, therefore, 
will suggest that the notion of a degree of 
banjhiness is crudely expressed by a count 
of the apparent number of banjhi buds. 

The statement that a shoot is growing, 
necessarily means that the shoot must 
unfold a minimal number of leaves before 
it becomes banjhi. Dissection shows that 
the banjhi condition is determined before 
it is seen; and leaves will continue to 
unfold until the banjhi is disclosed. 
Potential banjhi buds which are revealed 
by dissection may never be seen other- 
wise — the shoots are plucked before the 
banjhi is revealed. 

The change from few to many banjhis 
may be rapid, depending upon the homo- 
geneity of the shoots; and this introduces 
great fluctuations into estimates of banjhis 
which are based upon small samples. The 
samples might more readily exhibit an 
underlying trend if we had a less dis- 
continuous measure of apical growth. 


Again, a banjhi condition, which is 
hidden within the apex, will be seen 
(without dissection) only by allowing 
the shoot to unfold a number of leaves 
sufficient for the purpose. This number 
may conceivably differ between the treat- 
ments to which the bush is subjected, as 
sun and shade; and it may differ between 
jats (provenances ). Therefore, it would 
be useful to find some measure of a 
steady trend of growth which can be 
associated with the trend of production 
of leaf initials within the growing 
apex. 


A More Useful Concept 


The length of the terminal bud relative 
to the topmost leaf, measures, in terms 
of successive leaves, a change which is 
taking place along the stem. It is well 
known that the topmost leaf, as it unfolds 
from the bud, and the bud which is dis- 
closed by the unfolding, are nearly of the 
same size when the shoot is growing 
vigorously; and such a shoot would be 
expected to unfold several more leaves. 
It is also well known that when the 
ultimate leaf unfolds, the banjhi bud is 
very much smaller than the topmost leaf; 
and for a long time, such a shoot will 
unfold no more leaves. By taking the 
ratio of the length of the topmost leaf 
to the length of the bud, it is possible to 
define all intermediate conditions. 

The same object can be achieved more 
quickly, so that larger numbers of plants 
can be included in one’s investigations, by 
a purely subjective grouping of shoots 
into those with a bud which appears 
to be greater than, and those with a bud 
which appears to be less than, half the 
length of the topmost leaf (Figs. 3, 
4). The ratio of the number of those 
shoots ‘ less than a half’ to those ‘ greater 
than a half’ has been defined as a dor- 
mancy index of the tea plant by Wight 
& Barua (1955). In popular termino- 
logy, the index may be said to describe a 
tendency of the plant towards banjhiness; 
but a better statement would be that the 
index is the inverse of the ability of the 
plant to continue a succession of big 
leaves ( or ‘ vigorous ’ shoots ); and stated 
in this way we do not attach primary 
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importance to the realization of one parti- 
cular condition known as banjhi. 

Bond (1945) has shown that apices, 
which contain a reduced number of rudi- 
mentary leaves, will eventually appear to 
be banjhi after more leaves have unfold- 
ed. It has been found by Wight & 
Barua (1955) that shoots, the apices of 
which are less than half the length of 
the topmost leaf, include the higher pro- 
portion of apices with a reduced number 
of rudiments; from which it follows that 
shoots ‘less than a half’ include many 
shoots which are likely to appear banjhi 
in the near future. The converse applies 
to shoots ‘greater than a half’. The 
internal condition of the buds and the 
number of leaf rudiments, which they 
contain, is not constant within either of 
the two classes. It is not legitimate to 
make the unequivocal statement that 
apices ‘less than a half’ are dormant, 
nor even potentially dormant. We can 
merely say that the index gives us a 
measure of growth which is sufficiently 
well related, in general, to the internal 
condition of the bud, to allow us to 
conduct many investigations without dis- 
secting the bud. The index enables one 
to define a certain inherent condition of 
bushes which are receiving widely different 
treatments, without being confined to rigid 
standards of plucking, which would be 
necessary, were the comparisons to be 
based upon counts of visible banjhi buds. 
The index is inclusive of all visible banjhi 
buds. 

The state of the bush associated with 
a specified index is that which obtained 
when the index was determined. If the 
apices were allowed to unfold that minimal 
number of leaves which would be sufficient 
for them to express their internal con- 
dition, then the state of the bushes would 
be altered — self-evidently so in their 
visible aspects, but also in the physio- 
logical state of the growing tissues ( meri- 
stems ) in other parts of the bush, merely 
by virtue of letting some growing apices 
pass so far into the rest condition. Some 
further effects of the rest condition will 
be considered in the latter parts of this 
article. 

The inherent state defined by the index 
is not the same thing as the popular 
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notion of banjhiness, which is the pro- 
portion of banjhi buds on shoots which 
have ceased to unfold leaves. The dor- 
mancy index will not necessarily be simply 
related to the proportion of banjhi buds 
which are observed to terminate the 
shoots; but the index may be regarded 
as defining a state which underlies the 
ability of the plant to produce banjhi 
buds; and it is the more useful concept 
for fundamental inquiries which are not 
particularly concerned with the banjhi 
condition per se. 


Degrees of Apical Dormancy 


The trend, towards or away from rela- 
tively larger leaves, is a growth gradient 
which may be more important than a 
particular condition of banjhiness. The 
succession of phases of growth, which are 
marked by janams or by janam scars 
( bud traces ) when the janams have fallen 
off, is dependent upon conditions. If a 
stem be made to grow sufficiently vigo- 
rously, such zones are not marked on the 
stem: a banjhi bud is not formed and 
the stem at first sight bears a succession 
of normal leaves ( Figs. 6, 7). If, after- 
wards, the expanded leaves be studied, 
then the size relations of the successive 
leaves and internodes on the stem have 
been found to define zones which are 
homologous with those on less vigorous 
stems which have produced banjhi buds 
at intervals. 

The zonation of successive leaves is 
defined, for shoots en masse, by the 
dormancy index. The index is intended 
to be a rapid method, applicable to field 
work where an assessment of the activity 
of the apex is required. 


Application of the New Concept 


The use of the dormancy index is 
illustrated in the paper by Wight & | 
Barua (1955) upon which the following | 
account is based. 

It is possible to determine the index 
of bushes which are not plucked. To do 
this, leading growth is allowed to continue, 
and by the end of the season produces 
thick woody stems which are leafless in 
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their proximal parts. Other bushes, simi- 
lar in all respects, are plucked. Each 
bush produces a succession of crops of 
succulent shoots; and the number of these 
shoots — that is, growing apices — will 
be many times greater than the number 
which continue growth on an unplucked 
bush. 

The index of the unplucked bushes is 
determined in situ by examination of the 
shoots which remain upon the plant. The 
index of the plucked bushes is determin- 
ed by inspection of the shoots remov- 
ed by the labour force according to a 
predetermined standard of plucking 
(‘two and a bud’ on a seven day 
round, in our experiments). The index 
of both sets of bushes is determined on 
the same day. 

The index of a plucked bush is subject 
to change, sometimes being high, some- 
times low. Similarly, the index of an 
unplucked bush fluctuates. The fluctua- 
tions are identical for the two sets of 
bushes, and changes in the one are exactly 
reflected by changes in the other. Hence, 
we conclude that plucking does not eli- 
minate recurrent changes in the morpho- 
logical condition of the shoot apex which 
are defined by the dormancy index. 

In the unplucked bushes the same 
growing apices were kept under observa- 
tion throughout the season. They left 
below themselves the woody stems to 
which we have referred. In the plucked 
bushes a new set of apices was observed 
each week. It is therefore concluded 
that, in a given locality, at a particular 
time all stem apices are subject to a similar 
change in the nature of their growth. 

These phenomena make it possible to 
define comparable conditions of plants 
which are subject to very different con- 
ditions of plucking; whereas, if the con- 
ditions of the plants be defined by pro- 
portion of banjhi shoots, then the con- 
ditions of plucking must be constant. 
Whilst change in the index of plucked 
and unplucked bushes is always in the 
same direction, yet the two sets of indices 
differ in magnitude; and at any particular 
time, the lower index is associated with 
the plucked bushes. In other words, 
the bushes are less ‘ banjhi’ so long as 
they are plucked sufficiently often. It is 
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common experience that they would revert 
to a higher index were plucking discon- 
tinued, so that the shoots were allowed 
to assume their natural course of develop- 
ment. 

Because shoots are plucked away, the 
surface of the bush is always covered with 
shoots in an initial state of vigorous 
growth (low index). The shoots are 
reduced in size, by comparison with those 
on an unplucked bush; but they are 
greatly increased in number. Plucking 
provides us with shoot apices which are 
collectively at an artificially high growth 
potential; and plucking does this by 
causing buds (which are left behind on 
the stubs of earlier shoots ) to grow which 
would not grow normally. One has to 
consider the physiological implications 
of this process and how long it can be 
maintained. 


The Effect of Continued Plucking 


Repeated removal of young growth is 
known to practical gardeners as ‘ stop- 
ping’. It is analogous to summer pruning 
of the apple tree and tends to reduce the 
vigour of growth of the plant as a whole. 
In tea cultivation, plucking which is con- 
tinued year after year, without recourse 
to pruning, is found to bring the number 
of pluckable shoots to a low and not 
economic minimum. This has been des- 
cribed in detail by Tubbs (1937) who 
showed that the number of banjhi shoots 
increases and the weight of a pluckable 
shoot becomes less, in the interval be- 
tween one prune and the next. 

The process of plucking causes the 
maximum number of buds to shoot into 
leaf production. The process has been 
adjusted by trial and error to attain this 
object. In other words, plucking causes 
the maximum number of buds to remain 
for the minimal time in a state of rest or 
dormancy. The shoots which we pluck 
are an expansion of buds which have been 
at rest for the minimum time which we 
are able to impose. Simple consideration 
of the plucking table shows the process 
to be cumulative. 

Attached to the stem in the angle 
between the stem and a leaf or a janam, 
is a small bud. The angle is known as 
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the axil and the bud is an axil or axillary 
bud. The axil bud remains when the 
leaf or janam falls from the plant. 

When we pluck a shoot, the next shoot 
originates from the remaining base of the 
first shoot. By and large, each shoot 
grows from the axil of a janam at the 
base of a preceding shoot ( Fig. 8). The 
minute domes of growing tissue within 
the buds (meristems ) are never allowed 
to remain in a condition of dormancy 
which is any longer than that which we 
can ‘break’ by manipulation; and this 
is found to be associated with a stopping 
effect on the production of shoots of the 
standard required for manufacture. The 
practical advantage is that we get more 
shoots for the time being, and the practical 
problem is how long can we continue to 
do so? This problem has been settled in 
practice by rotations of pruning. 


The Pruning Rotation 


Different pruning cycles are used in 
different regions and for different kinds 
of tea plant. It is found that unless 
pruning be practised at intervals ( never 
less than one year, often longer) then 
uninterrupted plucking is followed by 
too many banjhi shoots on the surface 
of the bush and too many buds which 
fail to shoot into leaf production. When 
the bush is pruned, then a shoot system 
like that upon which plucking first 
operated, is re-established, and this is 
observed to possess the impetus of the 
old system in respect of an economic 
production of vigorously growing shoots. 

In Assam, it is usual to prune annually, 
in the cold season, generally from Novem- 
ber to January, when top growth is 
minimal and root growth is approaching 
a maximum. The greater part of the 
previous season stems is removed, leaving 
stubs (half to one inch in length ) which 
carry dormant buds. Most of these buds 
were in the axils of janams ( cataphylis ) 
which fell off early in the development 
of the shoots. After pruning, new shoots 
arise mostly from dormant buds on the 
stubs, Should a long stub be left, then 
some new shoots would arise from buds in 
the axils of the lowest foliage leaves. A 
high proportion of the new shoots are 
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leaders capable of continued extension 
growth. These are allowed to grow to a 
predetermined length — generally, seven 
or eight inches. This fixes a horizontal 
level at which the shoots are plucked for 
the first time. In Assam, this initial 
pluck is universally described as ‘ tipping ’. 
At this stage, many shoots will carry five 
or more foliage leaves. The effect of 
tipping is to cause two or three upper- 
most axil buds to shoot ( Fig. 8). When 
these pass the horizontal level, they are 
plucked. Subsequent generations of pluck- 
ed shoots grow one out of the other; but 
the buds at the base of the long initial 
shoot remain continuously dormant, and, 
generally, will not grow until the next 
time of pruning. 


Physiological Implications 


It is established by practical experience 
that buds which have remained quiescent 
for a season will, if stimulated by pruning, 
grow into a leader which may be always 
expected to yield a certain number of 
plucked shoots. 

These shoots arise in succession, the 
later ones by the unfolding and extension 
of the buds which were within the buds 
which gave rise to the earlier shoots. They 
are not allowed to remain quiescent any 
longer than we can avoid by the use of 
shade and manures and repeated plucking. 
Under these conditions, the growing apices 
are observed to lose vigour to the extent 
that their origin one from the other, is 
reduced to an uneconomic level. Re- 
moval of the old system of plucked shoots, 
by pruning, so that growth is transferred 
to a bud which has remained dormant, 
results in the re-establishment of a 
new system which always commences 
with an approximately constant vigour 
of growth. 

This well known behaviour of the tea 
bush has to be aligned with the opinion 
of plant physiologists that there is a 
fundamental difference between buds which 
have been at rest for no longer than the 
minimal period which one can impose upon 
them, and buds which can be made to grow 
but do not do so until some appropriate 
stimulus is applied. In the minimal 
period the buds are described as ‘ resting ’ 
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and in the longer period as ‘ dormant ’. 
This distinction was drawn by Howard 
(1915) and has recently been re-empha- 
sized by Samish (1954). 


Inter-relations of Meristems 


The production of leaves is synonymous 
with the growth in length of a shoot. The 
production of leaves by the apex is due 
to the activity of a minute dome of 
growing tissue— known as the apical 
meristem — which can be seen to termi- 
nate the axis when smaller leaves and 
rudimentary leaves are dissected away 
from the apex. 

The youngest and smallest rudiment 
(known as an initial) is an outgrowth 
or upfolding at the periphery of the 
meristematic dome. The dome then rises 
slightly above the initial. The initial, at 
first unlike a leaf, pursues a more or less 
independent course of development and 
eventually ‘arrives’ at the outside of 
the growing bud. Initials are repeatedly 
formed by the meristem, so that any 
bud contains a succession of stages of 
leaf development, the oldest being most 
widely separated. 

When the bud becomes banjhi, the 
formation of initials has failed to keep 
pace with the unfolding of leaves; and 
the bud, therefore, contains a reduced 
number of rudimentary leaves. The num- 
ber of initials is increased by activity 
of the meristem during the rest period 
( Bond, 1945 ). 

Changes observed externally at the 
apex of a tea shoot, such as those defined 
by the dormancy index, imply changes 
which are determined by the activity 
of the meristem. The leaves and 
janams are end stages and eventually 
fall from the plant. The meristem it- 
self remains in existence as a dome of 
cells capable of dividing and forming 
more initials and so more leaves and 
more janams. 

When the apex or terminal bud of a 
shoot is removed by plucking, then it is 
replaced by a new apex formed by the 
outgrowth of a bud in the axil of a janam 
or foliage leaf. Thus, removal of the 
terminal part of a shoot causes some 
axil buds on the remaining part of the 
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shoot to become terminal ( growing ) buds 
of a higher order of shoot in an increasingly 
complex system of shoots which originate 
one from the other. . 

Axil buds are formed, before they 
become externally visible, within a ter- 
minal bud, so that they are seen in 
the axil of a new leaf as soon as this 


unfolds from the apex. A popular 
account of this has been given by Wight 
(1932); 


The axis of all buds is terminated 
internally by a meristem. It is gene- 
rally considered that these meristems 
are likely to be derived from part of 
the original dome of meristem which 
remains at the base of an initial when 
it is first formed; the belief being that 
the meristematic apices of successive 
orders of shoots are, in all probability, 
directly descended from each other. In 
this connection it is to be noted that 
Wight & Barua (1955) found all the 
apices of the tea plant, of many different 
orders, to possess a common rhythm of 
activity. 


The Difference between Pruning and 
Plucking 


The behaviour of the tea plant when 
plucked and pruned, shows that successive 
generations ( orders ) of apices lose a certain 
vigour of growth. It is possible that 
this vigour of growth may be regained 
during a dormancy which is longer than 
the minimal period of rest. This is 
suggested by the observation that if 
plucking cease, then the shoots soon dis- 
play banjhi buds; the population of shoots 
remains in a banjhi condition longer than 
it would if plucked; and after this, the 
shoots are able to establish a system of 
leaders similar to that on a bush which 
has not been plucked. 

The statement that there is a funda- 
mental difference between buds, which 
have been dormant and those which have 
passed through only the inevitable period 
of rest, sometimes implies a difference in 
the condition of the protoplasm of the 
cells in the meristem. 

The necessity for postulating such a 
change might be denied on the basis of 
what we have said about the tea plant. 
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Tubbs (1937) suggests, in other words, 
that reducing the bud to its minimal rest 
period increases the number of shoots 
(and buds), and so disperses some kind 
of ability for growth — possibly nutrient 
supply — amongst these shoots, so that 
ultimately a limiting condition is reached 
which expresses itself in the form of 
banjhi apices. If the buds be permitted 
to remain dormant (by not plucking ) 
then some internal readjustment might 
be supposed to take place between the 
buds, so that a lesser number are able 
to resume growth with greater vigour. 
This, of course, is an important considera- 
tion; but it leaves us with the fact of a 
condition of dormancy; and still leaves 
us with the fact that pruning depends 
upon this condition of dormancy; and 
that plucking is designed to destroy the 
condition of dormancy. 

In a review of the experimental evi- 
dence, Wardlaw (1952) gives reasons 
for regarding the apical meristem as 
a self-determining region which has a 
direct causal effect upon the nature 
of the vascular strand (‘ sap’ conducting 
tissue ). 

General observations on the tea plant 
suggest that an inherent activity of the 
meristems possibly transcends the nature 
of the population of shoots in determining 
inevitable phases of development which 
need not, of necessity, attain the ultimate 
expression of a banjhi bud. This outlook 
agrees with the earlier belief of Howard 
(1915) that the secret of the rest period 
lies in the buds. 

The continuance of a certain magnitude 
of growth (such as weight of plucked 
shoot ) — which in itself conditions the 
degree of expression of banjhiness — may 
require the intervention of quiescent 
periods which are longer than the minimal 
period of rest. At least, a periodic re- 
establishment of the plucking surface of 
a tea plant, from buds which have re- 
mained dormant, is a practical necessity. 
This is done by pruning. 

Practical men, sometimes, say that 
plucking and pruning only differ in degree. 
This statement describes the mechanics 
of the operations; but if one persists in 
this facile mode of thought, then it will 
obscure our understanding of the be- 
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haviour of the plant; and we need to 
understand this behaviour before we can 
explain those differences between pruning 
and plucking which are familiar to ail 
practical men. 


Summary 


The common concept of ‘ banjhiness ’ 
is of limited value for the investigation 
of the tea plant. A more useful concept 
has been defined as the dormancy index. 
This leads to the conclusion that in a 
given locality the shoot apices of different 
bushes go through a similar change at a 
common time. The direction of this 
inherent change is not altered by plucking; 
this is to say that both newly regenerated 
shoot apices and persistent shoot apices 
behave in sympathy without the necessity 
for an organic connection. They behave 
as though the apical meristems were parts 
of a common tissue. 

The banjhi or dormant condition of the 
apex has a variable expression, capable 
of modification; but a developmental 
trend to or from this condition appears to 
be inherent and unalterable. 

The object of plucking is to produce 
the maximum number of shoots in an 
initial state of vigorous growth; and to 
remove these shoots before changes, the 
direction of which is inherent in the 
meristems, proceed to the point at which 
banjhi ( dormant ) buds become visible. 

Plucking prevents successive genera- 
tions of buds remaining in a dormant 
condition; and it is observed that this 
cannot continue indefinitely without a 
reduction in the efficiency of the system. 
Pruning re-establishes a similar system 
with the old initial vigour of growth. 
Contrary to plucking, pruning is depen- 
dent upon buds which have remained in 
a dormant condition. 

These practical observations agree with 
the hypothesis that fully renewed activity 
of an apical meristem may depend upon 
its remaining quiescent for longer than 
the minimal rest period. 

The author thanks P. H. Carpenter, Esq., 
O.B.E., previously Director of Tocklai, 
for initiating these studies, and the 
present Director and the Indian Tea 
Association for permission to publish, 
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CONTRIBUTION A L’ETUDE DE QUELQUES FAMILLES 
DE DICOTYLEDONES CONSIDEREES COMME PRIMITIVES 


R. LEMESLE 


Maitre de Conferences de Botanique a la Faculté des Sciences de Poitiers, France 


Comme suite a nos recherches sur les 
Magnoliales ( Lemesle, 1933, 1953b ), sou- 
che ancestrale des Dicotylédones frutes- 
centes, nous avons entrepris de nouvelles 
études sur diverses autres Angiospermes 
classées encore dans les “ Polycarpes ’'! 
par quelques systématiciens contempo- 
rains, principalement Wettstein ( 1935 ). 

Nous nous sommes intéressé ainsi a 
quelques Familles dont la nature des 
fibres ligneuses ne nous semblait pas 
complétement élucidée. Notre attention 
a été attirée tout d’abord par certains 
genres aberrants lesquels ont fait l’objet 
de vicissitudes systématiques et consti- 
tuent désormais les représentants de 
Familles distinctes: Gomortega, Eupoma- 
tia, Himantandra, Sargentadoxa, Crosso- 
soma, Hydrastis, Lactoris. 

Nous avons examiné en même temps 
d’autres Familles plus vastes et mieux 


1. A notre avis, le terme ‘ Polycarpes’ ne 
correspond pas entièrement à la réalité: En 
effet, divers genres sont caractérisés, les uns par 
le gynécée constitué d'un seul carpelle, d’autres 
par la présence d'un petit nombre de carpelles 
distincts. Aussi préférons-nous la dénomination 
d’ ‘ Apocarpiques ’ que nous avons définitive- 
ment adoptée. 


connues, mais dont le classementa subi 
certaines variations: Lardizabalacées, Caly- 
canthacées, Paeoniacées, Canellacées. 

En tenant compte à la fois des parti- 
cularités des fibres et de celles des vais- 
seaux, notre but a été de chercher le rôle 
de l’histologie du xyléme dans la phylo- 
génie de ces Dicotylédones considérées 
comme archaïques d’après leur morpho- 
logie externe. 


Gomortégacées 


Le Gomortega nitida Ruiz. & Pav. est 
un arbre a feuilles persistantes localisé au 
Chili entre le 36 et le 40 degré de latitude, 
a une altitude de 500 a 600 m. On 
le rencontre sur les flancs de la Cordillère 
des Andes, principalement dans les foréts 
qui avoisinent le fleuve Rio Queule, tri- 
butaire de l'Océan Pacifique. 

Cet arbre fut placé tout d’abord dans 
la Famille des Lauracces. 

Mez (1889) mentionnait le Gomortega 
nitida Ruiz. & Pav., à la fin de sa Mono- 
graphie des Lauracées américaines sous 
l’Appendix II: ‘‘ Species de Monimiacea- 
rum ordine Lauraceis peraffinis, adhuc 
haudsatis accurate descripta ” 
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Bentham & Hooker (1862) classaient 
eux aussi le Gomortega dans la méme 
famille sous la rubrique “ Genera affinia 
aut dubia, v. exclusa’”’. ; 

Baillon (1867-1869) au contraire plaçait 
cet arbre dans les Monimiacées; il: en 
faisait l’unique représentant de la 5e 
série: Les Gomortégées. 

Le genre Gomortega se rapproche en 
effet de certaines Monimiacées par la dis- 
position spiralée des pièces du périanthe; 
il se rattache surtout à cette Famille par 
la déhiscence valvulaire des anthères bilo- 
culaires et par la présence de nectaires à 
la base des filets. Mais, chez les Moni- 
miacées, les carpelles restent complète- 
ment distincts, tandis qu'ils sont soudés 
chez le Gomortega. De plus, dans les 
représentants les plus typiques de cette 
même Famille, les constituants de l’albu- 
men renferment surtout des grains d’aleu- 
rone et quelques gouttelettes d’huile; 
l’albumen du Gomortega, au contraire, est 
exclusivement oléagineux. Enfin l’em- 
bryon des Monimiacées est de très petite 
taille, tandis que celui du Gomortega est 
assez volumineux et pourvu de cotylédons 
orbiculaires. 

D'autre part, trois caractères éloignent 
sensiblement le Gomortega de la Famille 
des Lauracées: La disposition spiralée 
des pièces du périanthe, l'ovaire formé 
de trois carpelles et la présence d’un 
albumen abondant. 

Se basant sur l’ensemble de ces carac- 
teres, Reiche ( 1896) sépara le Gomortega 
des Lauracées et des Monimiacées : il en 
fit le représentant d’une Famille spéciale: 
Les Gomortégacées. 

Hutchinson ( 1926) classe cette Famille 
dans l’ordre des Laurales. 

Wettstein (1935) Vintroduit dans les 
Polycarpes auprés des Calycanthacées et 
des Monimiacées. 

Gundersen ( 1950) la place dans l’ordre 
des Magnoliales. 

En réalité, par le mode d’insertion de 
ses étamines et la constitution de son 
gynécée, le genre Gomortega devrait appar- 
tenir aux Caliciflores épigynes a placenta- 
tion axile; néanmoins, la plupart des 
systématiciens l’ont rangé parmi les Apo- 
carpiques. Aussi en avons-nous entrepris 
l'étude structurale afin d’examiner la part 
de Vanatomie interne dans la position 


systématique et phylogénétique de ce 
genre litigieux (Lemesle, 1943a ). 

ETUDE HISTOLOGIQUE — Nous donne- 
rons la description de la tige du Gomortega 
nitida Ruiz. & Pav. laquelle n’avait jus- 
qu’alors fait l’objet que des rares obser- 
vations de Reiche (1896), Solereder 
(1899) et Garratt’ (1933). 

A l’exterieur de la zone corticale, on con- 
state l’apparition précoce d’un liège d’ori- 
gine épidermique, formé de cellules à paroi 
mince et dont le contenu jaunatre présente 
les réactions des composés tanniques. 

Le péricycle est constitué, d’une part, 
d’amas de brachyscléréides, d’autre part, 
de cordons de fibres à lumen punctiforme; 
ces éléments de stéréome sont réunis en 
un anneau continu. 

Le bois et le liber secondaires forment 
de bonne heure un cylindre complet. Le 
liber est partagé en cônes séparés par des 
rayons médullaires dilatés en éventail. 
Le bois secondaire, complétement scléren- 
chymateux, est divisé en nombreux sec- 
teurs par des rayons médullaires flexueux. 
Ces derniers, vus en coupe transversale, 
se composent d’une a trois rangées d’élé- 
ments allongés pour la plupart dans le 
sens radial. Chaque secteur du cylindre 
ligneux se fait remarquer par la pré- 
dominance de fibres à parois épaisses, de 
section quadrangulaire ou polygonale. 
On observe, par places, des plages exclu- 
sivement fibreuses dont les constituants 
tendent a perdre la symétrie radiale, dis- 
position en rapport avec la xérophilie. 

La longueur de ces fibres varie de 300 
à 600 u; elle s’éléve même jusqu’à 800 u. 
Elles se terminent, à chaque extrémité, 
en pointes effilées, parfois acuminées. 
D'après Garratt (1933), ce sont des 
fibres-trachéides. Leurs faces radiales et 
tangentielles sont pourvues de ponctua- 
tions aréolées distribuées un peu irré- 
gulièrement, en une ou deux rangées; les 
aréoles apparaissent circulaires, d’un dia- 
mètre de 4 à 6 u; leurs ouvertures offrent 
l'aspect de boutonniéres obliques et croi- 
sées en X. Parfois ces fentes touchent 
(Fig. 1A) ou dépassent légèrement le 
bord de l’aréole (Fig. 1B), particularité 
qui réalise en effet la nature d’un des 
types de “ fibre-trachéide ”. Mais, d’aut- 
re part, un examen récent et approfondi 
nous permet de constater que, chez la 
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Fics. 1-3 — Fig. 1. Schématique. Gomortega nitida Ruiz. & Pav. Coupe longitudinale de 
fragments de fibres-trachéides: en A, les fentes en X touchent le bord de l’aréole; en B, les fentes 
en X dépassent légèrement le bord de l’aréole. Fig. 2. Schematique. Gomortega nitida Ruiz. & 
Pav. Coupe longitudinale d'un fragment de trachéide. Fig. 3. Schématique. Eupomatia bennettii 
F. Müll. Coupe longitudinale du bois secondaire d’une tige: / ¢, fibres-trachéides (la cavité de ces 
fibres est divisée en compartiments par de minces septa s); v, vaisseaux a ponctuations aréolées 
réalisant, pour la plupart, le type scalariforme; p s, perforations scalariformes; p / s, parenchyme 


ligneux sclérifié. 


plupart de ces fibres ligneuses, les ouver- chez les Schizandracées et les Illiciacées, 
tures en X n’atteignent pas le pourtour ces trachéides sont toujours dépourvues 
de la ponctuation: Nous nous trouvons de perforations; elles se distinguent cepen- 
alors en présence de véritables ‘trachéi- dant par leurs aréoles plus petites et 
des du type cycadéen ” ( Fig. 2). Comme moins régulièrement distribuées, 
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Cette étude histologique du prosen- 
chyme du Gomortega nitida révèle ainsi 
un fait nouveau: la coexistence de fibres- 
trachéides et'de trachéides, avec prédomi- 
nance de ces dernières. 

Les vaisseaux du bois secondaire appa- 
raissent tantôt isolés, tantôt groupés en 
petits amas ou en courtes files radiales. 
Leur section transversale se montre soit 
ovoïde, soit hexagonale ou pentagonale 
à angles mousses; leur diamètre varie de 
20 à 45 u. Solereder ( 1899) et Garratt 
(1933) avaient déjà indiqué la présence 
de perforations scalariformes: L'examen 
de coupes longitudinales révèle toujours 
en effet l'existence de longues cloisons 
obliques pourvues de 15 à 25 barreaux. 
Il restait à examiner l’ornementation des 
faces latérales: celles-ci sont munies de 
ponctuations soit aréolées, soit simples, 
lesquelles s’allongent le plus souvent dans 
le sens perpendiculaire à l'axe du vaisseau, 
offrant alors le type scalariforme. 

Le diamètre de la moelle est considér- 
ablement réduit; elle se compose d’élé- 
ments ovoides ou polygonaux, à paroi 
lignifiée et pourvue de petites ponctuations 
circulaires. 

La présence de cellules à huile essentielle 
avait déjà été signalée dans les diverses 
régions parenchymateuses de la tige. 
D'après nos observations personnelles, 
ces éléments sécréteurs se trouvent en 
assez grand nombre dans la zone corti- 
cale; leur forme est sphérique ou ovoide 
et leur plus grand diamètre peut attein- 
dre 90 u. Dans la moelle, ou ils sont 
moins abondants, leur section transver- 
sale ne dépasse pas 50 u.- Dans le liber 
secondaire, les cellules à huile essentielle 
se montrent fort nombreuses à l’intérieur 
des cônes libériens, plus clairsemées dans 
les rayons médullaires; elles se distinguent 
de celles de l’écorce et de la moelle par 
leur allongement dans le sens longitudinal 
(100 à 220 »); vues transversalement, 
elles apparaissent ovoïdes et leur plus 
grand diamètre varie de 30 à 65 u. 

D'autre part, si on examine sans colora- 
tion une coupe de tige de Gomortega, on 
remarque, dans la zone corticale ainsi que 
dans la moelle, de nombreuses cellules à 
contenu jaune, lequel noircit sous l’action 
du perchlorure de fer (réaction des 
composés tanniques). L’hématoxyline 
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Delafield colore ces mémes éléments en 
violet foncé (réaction des mucilages 
pectosiques ). 

Cette étude microchimique nous permet 
ainsi de mettre en évidence, dans ce genre, 
outre l'existence de cellules à huile essen- 
tielle déjà connue, la présence d'éléments 
à complexe tanin-mucilage pectosique, 
lesquels n'avaient jamais été signalés. 
Un tel complexe se voit également dans 
de nombreux constituants des rayons 
médullaires du bois secondaire ainsi qu'à 
l'intérieur de quelques brachyscléréides 
de l’anneau de stéréome pericyclique. 

CONSIDÉRATIONS PHYLOGÉNÉTIQUES — 
Au point de vue phylogénétique, en nous 
basant sur l’histologie du bois secondaire, 
nous assignons au Gomortega un rang fort 
inférieur dans l'arbre généalogique des 
Dicotylédones; la plupart des caractères 
révèlent en effet un degré prononcé d’ar- 
chaisme: 

1° La section souvent polygonale des 
vaisseaux ligneux. 

2° La constance de la perforation scala- 
riforme ( 15-25 barreaux). 

3° L’étirement fréquent des ponctua- 
tions aréolées ou simples des faces latéra- 
les des vaisseaux ( mode scalariforme ). 

4° La prédominance, dans le prosen- 
chyme, des trachéides du type cycadéen. 
La coexistence de fibres-trachéides, dans 
ce même prosenchyme, constitue un état 
relativement peu différencié. 

Si nous examinons la fleur et le fruit, 
notre attention sera attirée par la disposi- 
tion spiralée des sépales. Mais à ce carac- 
tere archaïque s'oppose bientôt une série 
de particularités qui manifestent un stade 
d'évolution marqué: L’épigynie, l’apé- 
talie, le petit nombre d’étamines fertiles 
à anthères introrses, la transformation 
des étamines les plus internes en stamino- 
des, Voligocarpie, la syncarpie, la pla- 
centation axile, les carpelles uniovules, 
le fruit drupacé, l’embryon assez volumi- 
neux. 

Nous ne voyons pas ici d’analogie entre 
les particularités structurales du bois 
secondaire et les données de la morpho- 
logie externe. L'examen de ces deux 
groupes de caractères nous révèle même 
une discordance phylogénique. Si le 
Gomortega nitida Ruiz. & Pav. reste proche 
des Magnoliales par la nature histologique 
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des constituants du xyléme, il s’en éloigne 
sensiblement par le degré accentué de 
perfectionnement que présentent la fleur, 
le fruit et la graine. D’après la conforma- 
tion du gynécée, cet unique représentant 
de la Famille des Gomortégacées pourrait 
s'élever jusqu’à l’ordre des Hamamélida- 
les, tout en restant un type aberrant 
surtout en raison de la disposition spiralée 
des pièces du périanthe et de l’avortement 
des pétales. 


Eupomatiacées 


A plusieurs reprises (1936, 1937a, b; 
1938 ), nous avons étudié au point de vue 
anatomique et microchimique, l’Eupo- 
matia R. Br., genre fort curieux dont la 
position systématique a fait l’objet de 
controverses. 

Il a tout d’abord été classé par Brown 
(1810), puis par Bentham & Hooker 
(1862) dans la Famille des Anonacées 
dont il possède l’albumen ruminé. 

Baillon (1867-1869) considéra l'Eupo- 
matia comme le représentant unique de 
la 4e série des Anonacées: Les Eupo- 
matiées. D'après cet auteur, cette série 
se distingue par les caractères suivants: Le 
réceptacle floral a la forme d’un entonnoir; 
il est surmonté d’un opercule lequel, au 
début de la floraison, recouvre complète- 
ment l’androcée et le gynécée; cette coiffe 
conique se détache ensuite circulairement 
du réceptacle au moment de l’anthese. 

Dans une étude spéciale sur le deve- 
loppement de la fleur, Baillon (1868) a 
montré la véritable nature de l’opercule 
de l’Eupomatia, que l’on aurait été tenté 
de considérer comme un périanthe: C’est 
en réalité une bractée amplexicaule, la- 
quelle fait suite, dans l’ordre spiral, aux 
bractées plus étroites du pédoncule. Au 
point de vue physiologique, cette bractée 
se substitue au périanthe totalement 
absent pour protéger les éléments repro- 
ducteurs lesquels apparaissent succes- 
sivement, dans un ordre spiral, depuis le 
bord jusqu’au fond du réceptacle floral. 

Après la chute du capuchon, on voit les 
organes mâles se redresser et s’étaler. 
L’androcée se compose, à l'extérieur, de 
nombreuses étamines fertiles constituées 
chacune par un filet dilaté et par une 
anthère introrse surmontée d’un petit bec, 
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A ces étamines fertiles font suite, en de- 
dans, de nombreux staminodes pétaloïdes 
d'une belle couleur jaune. 

Les carpelles distincts, pluriovulés, con- 
tinuent la ligne spirale des étamines; la 
portion ovarienne de chacun d’eux est 
enchassée dans la partie charnue du fond 
du réceptacle; elle est surmontée d’un 
style conique extrêmement court, pourvu 
de papilles stigmatiques. 

Baillon connaissait deux espèces d’Eu- 
pomatia répandues dans certaines localités 
boisées du Queensland et des Nouvelles 
Galles du Sud: L'une, Eupomatia bennet- 
tii F. Müll, est pourvue d’un rhizome 
souterrain duquel s'élèvent des rameaux 
aériens terminés par une fleur pédonculée 
plus ou moins penchée. L'autre, Eupo- 
matia laurina R. Br. se fait remarquer par 
ses tiges aériennes plus rigides et ses fleurs 
axillaires. 

F. V. Mueller (1887) décrivait une 
troisième espèce d’Eupomatia qu'il dis- 
tinguait des 2 autres par ses feuilles plus 
petites et plus longuement pétiolées. Il 
attirait surtout l'attention sur la longueur 
accentuée des appendices qui surmontent 
les anthéres dans les étamines fertiles. 
Il nommait cette espèce: Eupomatia 
belgraveana F.V.M. 

Dans une importante étude de morpho- 
logie comparée, Diels ( 1912, 1913 ) sépare 
du genre Eupomatia cette dernière espèce 
decrite par Mueller. L’auteur ne se base 
pas, pour cela, sur l’existence des longs 
appendices qui surmontent l’anthére; ce 
caractére ne peut servir, selon lui, a la 
création d’un nouveau genre. Par contre 
la présence de staminodes externes d’une 
part, les carpelles uniovulés et prolongés 
en un assez long style d’autre part, enfin 
l’existence de poils en écusson constituent, 
selon Diels, des particularités suffisantes 
pour élever cette plante au rang de genre. 
Il la nomma Himantandra belgraveana 
(F.V.M.) Diels. Ce genre est surtout 
répandu dans la région Nord-Est de la 
Nouvelle Guinée, sur les sols riches en 
Mousses des montagnes boisées, depuis 
50 jusqu'à 2.000 m. d'altitude. Il se 
rencontre également dans certaines loca- 
lités des Iles Molluques. 

Diels sépara l'Eupomatia et l'Himan- 
tandra des autres Anonacées pour en faire 
les représentants d'une Famille spéciale: 
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Celle des Eupomatiacées. L’auteur classa 
cette nouvelle Famille dans les Ranales 
périgynes les plus primitives, à côté des 
Calycanthacées et des Monimiacées. 

A la même époque, Hallier ( 1912) dans 
une étude de l'arbre généalogique ‘des 
Angiospermes, plaçait les genres Eupo- 
matia et Himantandra parmi les Magno- 
liacées. Il se basait surtout sur ce fait 
que, dans ces deux genres, comme chez 
les Magnoliées et les Illiciées, les bourgeons 
terminaux sont fermés, tandis que, chez 
les Anonacées, ces mêmes bourgeons res- 
tent ouverts et dépourvus d’écailles pro- 
tectrices. 

Plus tard Diels ( 1917-1919), dans une 
étude plus approfondie de l’Himantandra, 
estime que ce genre, surtout par la pré- 
sence de staminodes externes, mérite une 
place spéciale et représente à bon droit le 
type d’une Famille particulière: Les 
Himantandracées. Ce même auteur donne 
les caractères communs aux genres 
Eupomatia et Himantandra: L’opercule, 
l’absence de périanthe et la présence de 
staminodes. Ensuite, il attire l’atten- 
tion sur les caractères propres à ces deux 
genres: 

Chez l’Himantandra, le réceptacle floral 
convexe est pourvu de staminodes ex- 
ternes, les anthères sont extrorses, le style 
bien développé, le fruit libre et l’albumen 
lisse. 

Chez l’ Eupomatia, le réceptacle floral 
est concave et dépourvu de staminodes 
externes, les anthères sont introrses, le 
style est presque nul, le fruit enchassé 
dans le réceptacle, l’albumen ruminé. 

Rendle ( 1925) maintenait encore l’Eu- 
pomatia dans la Famille des Anonacées. 

Hutchinson (1926), en se basant sur 
les caractères tirés de la morphologie ex- 
terne, considère les Himantandracées et 
les Eupomatiacées comme deux Familles 
distinctes. Il place les Himantandracées 
dans l’ordre des Magnoliales et les Eupo- 
matiacées dans celui des Anonales. 

Wettstein (1935) sépare lui aussi les 
Himantandracées des Eupomatiacées; il 
les classe dans les Polycarpiques et les 
considére comme deux petites Familles 
satellites de celle des Magnoliacées. 

De même Gundersen (1950) distingue 
les Himantandracées des Eupomatiacées; 
il les introduit dans l’ordre des Magnoliales, 
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ANATOMIE ET MICROCHIMIE DE L’Eu- 
pomatia — Déjà Baillon ( 1868-1870) at- 
tirait l’attention sur une particularite qui 
distingue nettement l’Eupomatia des autres 
Anonacées: L'absence de diaphragmes de 
cellules scléreuses dans la moelle. 

Garratt (1933), au cours d’une fort 
intéressante étude d’anatomie comparée 
du bois secondaire des Familles voisines 
des Myristicacées, donnait la description 
du bois de l’Eupomatia laurina R. Br. 
Il y signalait principalement l'existence, 
dans les vaisseaux conducteurs, de per- 
forations scalariformes à très nombreux 
barreaux. Comme Hutchinson, Garratt 
retranche l’Eupomatia des Anonacées et 
en fait le représentant de la Famille des 
Eupomatiacées. 

Dans une première note (1936), nous 
avons signalé, dans la tige aérienne de 
l’Eupomatia bennettii F. Müll., à l’inte- 
rieur de tous les vaisseaux du bois secon- 
daire, l’existence de perforations scalari- 
formes à très nombreux barreaux; puis, 
sur les parois latérales de ces mémes vais- 
seaux, nous avons mentionné la présence 
de ponctuations aréolées, le plus souvent 
étirées, lesquelles réalisent, dans leur en- 
semble, le type scalariforme. 

Au cours d’un mémoire d’ensemble sur 
le genre Eupomatia (1938), nous avons 
décrit l’anatomie générale des tiges de ces 
2 espéces, laquelle n’avait jamais été ex- 
posée d’une façon complète jusqu’alors. 

Rappelons brièvement nos observations 
sur l’'Eupomatia bennettii F. Müll.: 

L’épiderme se compose de petites cellu- 
les isodiamétriques 4 paroi externe trés 
épaisse, légèrement cutinisée extérieure- 
ment. 

La zone corticale se divise en 2 régions, 
une externe collenchymateuse, une interne 
parenchymateuse dans laquelle on remar- 
que quelques rares éléments sclérifiés, le 
plus souvent isolés. 

De nombreux arcs fibreux péricycliques 
restent séparés par des zones parenchyma- 
teuses. 

Le liber et le bois secondaire se réunis- 
sent de bonne heure en un anneau continu, 
divisé en plusieurs secteurs par des rayons 
médullaires de 3-5 rangées d'éléments. 
Les amas libériens se composent exclu- 
sivement de tubes criblés et de paren- 
chyme; on n'y remarque aucun élément 
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fibreux. Vus en coupe transversale, ces 
amas libériens ne présentent jamais le 
forme conique si caractéristique du liber 
des Anonacées. 

Le bois secondaire est entièrement 
sclérifié ; les constituants des rayons médul- 
laires sont pourvus de nombreuses ponc- 
tuations parfois simples, parfois aréolées. 
Le diamètre des vaisseaux conducteurs 
varie de 20 à 60 y; leur section transver- 
sale est tantôt ovale, tantôt pentagonale 
ou hexagonale à angles mousses. Les 
fibres ligneuses sont munies de ponctua- 
tions aréolées circulaires ou elliptiques sur 
lesquelles Baillon ( 1868-1870) avait déjà 
attiré l'attention. Il restait à préciser 
la nature exacte des fibres; c’est ce que 
nous avons mis en évidence au cours d’une 
étude plus récente (1946 a): Les faces 
latérales sont en effet pourvues de ponc- 
tuations aréolées dont le diamètre atteint 
environ 2,5 u; les ouvertures obliques et 
croisées dépassent toujours sensiblement 
le pourtour de l’aréole; ce sont des “ fibres- 
trachéides ”. De plus, la cavité de ces 
éléments est divisée en compartiments 
par de minces septa de nature pecto- 
cellulosique (Fig. 3). La moelle, d’un 
large diamètre, se compose d'éléments 
parenchymateux polyédriques, à paroi 
mince et imprégnée de lignine. Nous n’y 
remarquons jamais de diaphragmes, ni 
de petits amas de cellules scléreuses. De 
nombreuses mâcles d’oxalate de calcium 
se trouvent dans ce parenchyme médul- 
laire. 

APPAREILS SECRETEURS — Dans la tige 
aérienne de l’Eupomatia bennettit F. Müll., 
nous avons décrit un système sécréteur à 
composés tanniques (1937a, b), lequel 
jusqu'alors n'avait fait l’objet d’aucune 
étude détaillée. Ce système sécréteur 
est constitué par 3 types très différents 
d'éléments: 

1° Dans le parenchyme cortical et 
le liber secondaire, ce sont des files de 
celiules tannifères à parois transverses 
persistantes; la longueur de chacune de 
ces cellules varie de 40 à 70 u dans la zone 
corticale et de 130 à 160 u dans le liber. 

2° L'appareil sécréteur du péricycle 
est formé d’idioblastes allongés, à extré- 
mités tantôt effilées, tantôt tronquées ou 
arrondies. Leur longueur varie de 700 à 
1.200 p et leur diamètre de 50 à 100 p; 
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Fics. 4, 5— Fig. 4. Schématique. Eupo- 
matia bennettii F. Müll. Divers aspects des idio- 
blastes tanniféres péricycliques, vus en coupe 
longitudinale. Fig. 5. Schématique. ÆEupoma- 
tia bennettii F. Miill. Portions d’idioblastes tan- 
niféres de la moelle, vus en coupe longitudinale; 
c, cellules tannifères vers lesquelles convergent 
les extrémités de ces tubes tannifères ou leurs 
ramifications, 


ils sont tantôt isolés, tantôt accolés parti- 
ellement par leurs faces latérales ( Fig. 4). 

3° L'appareil sécréteur de la moelle est 
constitué par des idioblastes qui offrent 
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l’aspect de tubes allongés et flexueux, 
parfois légérement ramifiés; leur longueur 
varie de 2 à 4 mm. et leur diamètre 
ne dépasse pas 60 u. Les extrémités de 
plusieurs tubes tannifères convergent sou- 
vent les unes vers les autres, tout en res- 
tant séparées par une cellule de forme 
globuleuse, ovoïde ou elliptique, elle-même 
tannifère ( Fig. 5). 

Le contenu de ces idioblastes péricycli- 
ques et médullaires subsistait intégrale- 
ment, même après une macération pro- 
longée des tiges fraîches dans l’alcool à 60 
degrés. Or les divers composés tanniques 
étant solubles dans l’eau et dans l’alcool, 
nous avons été amené à supposer que ces 
tanins devaient se trouver associés à un 
autre corps insoluble; des examens micro- 
chimiques s’imposaient dans le but de 
determiner la nature de cette seconde 
substance. Les recherches de proteides 
et d’alcaloides nous ayant donné des 
résultats négatifs, nous avons entrepris 
les réactions des mucilages. Le contenu 
de nos idioblastes péricycliques et médul- 
laires se colorait alors en violet foncé par 
Vhématoxyline Delafield, en rouge grenat 
par une solution de rouge de ruthénium 
et en vert bleuâtre par une solution au 
1/100 de vert de méthyle. Ces diverses 
réactions permettent d’affirmer la pré- 
sence d’un mucilage pectosique, lequel 
s’unit aux composés tanniques pour former 
un complexe insoluble dans l’alcool. 

Il n’en était pas de même pour le con- 
tenu des files de cellules de la zone corti- 
cale et du liber secondaire; ici les composés 
tanniques n’étaient visibles que sur les 
coupes longitudinales de tiges fraîches 
n'ayant subi aucune macération; mais le 
séjour dans l’alcool les faisait disparaître 
complétement. On peut en conclure que 
les tanins des éléments corticaux et libé- 
riens n’étaient fixés sur aucune autre 
substance. 

Il nous a semblé intéressant de préciser 
la nature de ces composés tanniques, en 
suivant les méthodes microchimiques indi- 
quées par Braemer (1890). En utilisant 
le réactif de Braemer (solution dans 
10 gr. d’eau, d’un gramme de tungstate de 
sodium et de deux grammes d’acétate de 
sodium), nous n’avons jamais obtenu, 
dans aucun de nos éléments sécréteurs, 
le moindre précipité granuleux jaunâtre, 
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ce qui prouve l’absence complète de tanin 
proprement dit ou acide gallo-tannique. 
Cette réaction caractéristique de cette 
dernière substance ne se produit avec 
aucun de ses congénères appelés “ tanoi- 
des”: Acide gallique, acide ellagique, 
acide protocatéchique, pyrocatéchine etc. 
Il restait alors à pratiquer les réactions 
de ces divers tanoïdes. 

Le passage rapide des coupes dans 
l’hypochlorite de soude détermine une 
coloration orange persistante du contenu 
de tous les éléments tannifères, réaction 
de l'acide ellagique. 

En plongeant d’autres coupes dans une 
solution aqueuse de cyanure de potassium 
au 1/10, nous avons observé une coloration 
rose pâle à l’intérieur des idioblastes péri- 
cycliques et médullaires, réaction de l’acide 
gallique. Ce résultat a été confirmé par 
le réactif de Spica lequel a coloré en rouge 
écarlate le contenu de ces idioblastes. 

En résumé, dans la tige de l’Eupomata 
bennettii, les cellules tannifères du paren- 
chyme cortical et du liber secondaire ren- 
ferment de l’acide ellagique; les idioblastes 
du péricycle et de la moelle contiennent 
de l’acide ellagique et de l’acide gallique 
fixés sur un mucilage pectosique. 

La tige de l’Eupomatia bennettit est 
pourvue aussi de cellules isodiamétriques 
a huile essentielle; ces éléments sécréteurs, 
toujours isolés, sont plus nombreux dans 
le parenchyme cortical que dans la moelle. 

EUPOMATIA LAURINA R. Br.— Au point 
de vue anatomique, la tige de ’Eupomatia 
laurina R. Br. se distingue surtout de 
celle de l’espèce précédente par les carac- 
tères suivants: 

1° Les cellules épidermiques pour- 
vues extérieurement d’une très forte cuti- 
cule. 

2° La formation d’un liège d’origine 
sous-épidermique. 

3° L'existence, dans le parenchyme 
cortical, de trés nombreux éléments scléri- 
fies dont la longueur varie de 36 à 90 u 
et le diamètre de 20 à 40 u. 

4° La présence, dans la moelle, de 
quelques amas de cellules scléreuses, iso- 
diamétriques, à paroi épaisse et canali- 
culée (brachyscléréides). Diels (1912) 
avait mentionné l'existence de diaphrag- 
mes de cellules scléreuses dans la moelle 
de la tige de cette espèce. Il s’agit en 
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réalité de petits amas de brachyscléréides 
clairsemés dans le parenchyme médullaire : 
on ne peut pas les comparer aux diaphrag- 
mes des Anonacées, lesquels divisent la 
moelle, dans le sens longitudinal, en véri- 
tables compartiments. 

La tige de l’Eupomatia laurina renferme 
aussi un système sécréteur à composés 
tanniques: 

1° De nombreuses files de cellules 
tannifères se voient ici, non seulement 
dans la zone corticale et le liber, mais 
encore dans la moelle. 

2° Les idioblastes pericycliques à 
complexe tanin-mucilage sont identiques 
à ceux de l’espèce précédente. 

3° Dans la moelle, il existe des tubes 
tannifères plus ou moins flexueux, parfois 
courtement ramifiés; leur longueur varie 
ordinairement de 2 à 3 mm., mais elle 
peut atteindre 5 mm.; les extrémités 
de plusieurs tubes voisins se rejoig- 
nent tout en restant séparées par une 
cellule elle-même tannifère ( Fig. 6). Ici 
encore, les composés tanniques s’associent 
a un mucilage pectosique. 

La tige de l’Eupomatia laurina contient 
d’autre part, dans la zone corticale ainsi 
que dans la moelle, des cellules sécrétri- 
ces a huile essentielle isolées et de forme 
sphérique. 

STRUCTURE DE L’HIMANTANDRA — 
L’anatomie générale de la tige de 1’ Himan- 
tandra belgraveana a été décrite par Diels 
(1917-1919). Cet auteur y met prin- 
cipalement en évidence les caractères 
suivants: 

La présence d’un liège sous-épidermi- 
que. L'existence, dans la zone corticale, 
d'éléments sécréteurs à huile essentielle 
ainsi que de nombreuses cellules à cristaux 
d’oxalate de calcium de forme cubique. 

Un anneau péricyclique continu de 
tissu de soutien constitué par une alter- 
nance d’arcs fibreux et d’amas de cellules 
scléreuses. 

La présence, dans le bois secondaire, 
d’un prosenchyme à ponctuations aréo- 
lées et de vaisseaux à perforations scalari- 
formes (15-20 barreaux ). 

La division de la moelle en comparti- 
ments par des diaphragmes de cellules 
scléreuses. 

La nature des constituants du prosen- 
chyme ligneux de l’Himantandra a d'autre 
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Fic. 6— Schématique. Eupomatia laurina 
R. Br. Idioblastes tanniféres de la moelle, vus 


en coupe longitudinale (méme explication que 
pour la Fig. 5). 


part été précisée par Mc Laughlin ( 1933 ); 
cet auteur signale, dans le bois secondaire 
de ce genre, la présence de fibres a ponc- 
tuations aréolées circulaires, d’un dia- 
mètre de 3 u, à fentes obliques et croisées 
dépassant le pourtour de l'aréole. Il 
s’agit donc de “ fibres-trachéides ”. 
CONSIDERATIONS SYSTEMATIQUES ET 
PHYLOGENETIQUES — L’étude du bois 
secondaire révéle de trés importants carac- 
tères lesquels distinguent totalement l'Eu- 
pomatia des Anonacées: Tout d'abord la 
perforation scalariforme des vaisseaux à 
très nombreux barreaux (fréquemment 
60, parfois jusqu’à 100). Cette parti- 
cularité conduit à placer l'Eupomatia en 
pleine opposition avec les Anonacées et 
à le retrancher de cette Famille. On sait 
en effet que chez ces dernières, la perfora- 
tion simple (ronde ou elliptique) a été 
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mise en évidence par de nombreux au- 
teurs: Moeller (1876), Molisch (1879), 
Solereder (1885), Beyer ( 1902), Moll & 
Janssonius (1906), Garratt (1933), Re- 
cord et Hess (1943), Howard (1948). 
A ce point de vue, les Eupomatiacées se 
rapprochent des Illiciacées ainsi que des 
Euptéléacées et des Cercidiphyllacées. 

Nous rappellerons d’autre part, sur les 
faces latérales des vaisseaux de l’Eupo- 
matia, la fréquence des ponctuations aréo- 
lées allongées dans le sens transversal 
(mode scalariforme). Chez les Anona- 
cées, les parois vasculaires sont munies 
lateralement de ponctuations simples, 
tres petites, circulaires ou polygonales: 
La forme évoluée y fait un vif contraste 
avec le type archaïque des Eupomatia- 
cées; celles-ci, par la nature des ponctua- 
tions de leurs vaisseaux, se rattachent 
aux Illiciacees, puis aux Cercidiphylla- 
cées et aux Magnoliacées. 

Enfin, par le prosenchyme constitué de 
fibres-trachéides a aréoles dont les fentes 
dépassent le pourtour de la ponctuation, 
l’Eupomatia se rapproche surtout de 
l’'Himantandra, puis des Magnoliacées. 

La présence de cellules à huile essen- 
tielle dans la moelle de l’Eupomatia dis- 
tingue ce genre de l’Himantandra. 

Un caractére fondamental écarte enfin 
la Famille des Eupomatiacées de celle des 
Himantandracées: L’existence d’un sys- 
tème sécréteur tannifère et principalement 
de ces curieux idioblastes à complexe 
tanin-mucilage que nous avons décrit dans 
le péricycle et la moelle de nos deux 
espèces d’Eupomatia. Cette particularité 
permettrait de rapprocher les Eupomatia- 
cées des Myristicacées; chez ces dernières, 
un système sécréteur à composés tanni- 
ques a été mis en évidence par Thouvenin 
(1886), Jacob de Cordemoy (1907) et 
Garratt (1933). Nous avons nous même 
signalé l'existence d’un complexe tanin- 
mucilage à l'intérieur des tubes sécré- 
teurs de plusieurs espèces de Myristica 
( Lemesle, 1939, 1941). 

Ces diverses observations nous permet- 
tent de conclure que les caractères struc- 
turaux viennent renforcer largement les 
arguments basés sur la morphologie ex- 
terne pour séparer complètement les gen- 
res Eupomatia et Himantandra des Anona- 
cées ainsi que des Magnoliacées; chacun 


d’eux doit constituer le représentant 
d’une Famille monotypique: Les Eupo- 
matiacées et les Himantandracées. 


Au point de vue phylogénétique, les | 


données de la morphologie externe font 
remarquer, chez les Eupomatiacées, bien 
des particularités primitives. Les prin- 
cipaux caractères sur lesquels on peut 
établir cette position ancestrale sont les 
suivants: 

1° La disposition spiralée des bractées 
du pédoncule floral. 

2° L'opercule en forme de mitre lequel 
remplace le périanthe. 

3° La polystémonie et la disposition 
spiralée des constituants de l’androcée. 

4° La dilatation du filet des étamines 
fertiles. 

5° L'existence d’un appendice qui sur- 
monte l’anthère. 


6° La présence de larges staminodes 


pétaloïdes internes. 


7° Le grand nombre de 


pétaloïdes. 
8°L’extréme réduction du style. 


carpelles | 
pluri-ovulés lesquels continuent la ligne | 
spirale des étamines et des staminodes 


9° La graine à albumen abondant 


avec un minuscule embryon. 


Par la morphologie florale, c’est prin- — 


cipalement à côté de l’Himantandra que 
vient se placer lEupomatia. L’Himan- 
tandra se distingue toutefois par l’allonge- 
ment beaucoup plus accentué des appen- 
dices qui surmontent les anthères, type 


fort primitif, puis par l'existence d’un | 


style bien développé, forme au contraire 
plus évoluée. Il diffère aussi par la pré- 
sence de staminodes pétaloïdes externes 
auxquels font suite, en dedans, les éta- 
mines fertiles à anthères extrorses, puis 
les staminodes internes. Ce même genre 
se fait remarquer aussi par une parti- 
cularité très archaïque sur laquelle Bailey 
(1943) attirait l'attention: L'insertion 
des sacs polliniques sur la face du con- 
nectif et non sur les bords. Enfin, par 


Vhypogynie, l’Himantandra occuperait un | 


rang inférieur à l’Eupomatia dont le récep- 
tacle floral est concave. 


Si l’on examine la structure du bois | 


secondaire des Eupomatiacées, on est 
frappé en constatant la corrélation qui 
se manifeste, au point de vue phylogénéti- 
que, entre la morphologie externe et les 
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particularités histologiques des vaisseaux. 
Deux faits déjà signalés doivent attirer 
l'attention: Les longues cloisons obliques 
des éléments vasculaires pourvues d’un 
nombre considérable de barreaux; puis, 
sur les faces latérales, la prédominance 
des ponctuations aréolées étirées, réali- 
sant dans leur ensemble, le type scalari- 
forme. Le premier de ces caractères 
écarte l'Eupomatia de | Himantandra. En 
effet, le nombre de barreaux des cloisons 
de ce dernier reste sensiblement inférieur; 
et même d’après les descriptions de 
Record (1936), la perforation simple y 
coexisterait avec la perforation scalari- 
forme. L’élément vasculaire de l’Himan- 
tandra présente ainsi un degré moyen de 
perfectionnement. 

Quant au prosenchyme constitué de 
fibres-trachéides chez l’Eupomatia ainsi 
que chez l’Himantandra, il réalise dans 
ces deux genres le stade évolutif inter- 
médiaire entre la trachéide et la fibre 
libriforme. 

Il résulte de l’ensemble des considéra- 
tions basées sur la morphologie florale, 
que les Eupomatiacées et les Himan- 
tandracées se rapprochent par une majo- 
rité de caractères très archaïques pour la 
plupart. En tenant compte de la pré- 
sence de l’opercule qui remplace le péri- 
anthe, type extrêmement rare, puis de 
l’organisation si curieuse de leur androcée, 
nous serons d’avis de leur faire occuper une 
position aberrante à la base de l'arbre gén- 
éalogique des Dicotylédones Apocarpiques. 

A laquelle de ces deux Familles assig- 
nerons-nous le rang le plus primitif? Que 
les Himantandracées restent à un niveau 
d'évolution inférieur par l’hypogynie, par 
l'allongement beaucoup plus accentué des 
appendices qui surmontent les anthères, 
puis par l'insertion des sacs polliniques 
sur la face externe du connectif, cela 
paraitrait tout d’abord très vraisemblable. 
Par contre, la fleur de l'Eupomatia se fait 
remarquer par l'extrême réduction du 
style et la pluralité des ovules, double 
indice d’archaisme. il semble donc diffi- 
cile de se prononcer si on se base exclu- 
sivement sur l’organisation des pièces 
florales. C’est alors que l’histologie vas- 
culaire permettrait d'éclaircir la question: 
Si l’on veut bien souligner la différence 
entre les perforations des vaisseaux ligneux 
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de chacun de ces deux genres, comme 
nous l’avons exposé précédemment, et 
reconnaître l’importance de ce criterium 
phylogénétique, il semble possible et 
même raisonnable de faire dériver les 
Himantandracées des Eupomatiacées. 

STRUCTURE NODALE — Nous ne pou- 
vons pas terminer ce chapitre sans envi- 
sager la structure du noeud foliaire de 
l'Eupomatia, mise en évidence par notre 
collègue Ozenda (1949). D'après lui, 
dans ce genre australien, le noeud foliaire 
comporte 7 faisceaux; il réalise ainsi le 
type multilacunaire, le plus primitif. La 
disposition des faisceaux, au niveau de 
l'insertion du pétiole, diffère sensiblement 
de celle des Anonacées ainsi que de 
l’Himantandra, où le noeud est trilacu- 
naire. A ce point de vue, l’Eupomatia 
se rapproche des Magnoliacées. 

Les données de la structure nodale 
viennent ainsi renforcer celles de l’histo- 
logie du xylème et de la morphologie exter- 
ne pour amener les phylogénistes à clas- 
ser les Eupomatiacées parmi les Dicotyl- 
édones Apocarpiques les plus archaïques. 


Sargentadoxacées 


Le Sargentadoxa cuneata Rehd. & Wils. 
est un arbrisseau sarmenteux et grimpant, 
localisé dans les buissons des provinces 
de Hupey et de Su-Tchuen (Chine 
centrale) où il croît entre 600 et 1.300 
m. d'altitude. 

Cet arbrisseau appartenait tout d’abord 
au genre Holboellia (Lardizabalacées ) 
sous le nom d’H. cuneata OI. Wilson 
(1913) l'a retranché de ce premier 
genre pour le nommer Sargentadoxa, 
tout en le maintenant dans la famille 
des Lardizabalacées. Puis Stapf ( 1926 ) 
en a fait le representant unique 
d’une Famille spéciale: Les Sargenta- 


doxacées. Cette Famille a été classée par 
Hutchinson (1926) dans l'ordre des 
Berbéridales. 


Au cours de son étude anatomique de 
la Famille des Lardizabalacées, Réau- 
bourg (1906) avait donné une descrip- 
tion détaillée de la tige de cette plante. 


Ses principales observations sont les 
suivantes: 

Epiderme formé de cellules arrondies 
à l'extérieur; paroi externe épaisse et 
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cutinisée. Parenchyme cortical constitué 
d’une dizaine d’assises de cellules aplaties. 
Péricycle entièrement sclérifié; ses élé- 
ments, disposés en 12 assises, sont poly- 
édriques; leur volume augmente de l’ex- 
térieur à l’intérieur en même temps’ que 
l'épaisseur de la paroi diminue. Le 
périderme a ses initiales immédiatement 
en dedans de l’anneau péricyclique?. Les 
formations libéro-ligneuses comprennent 
4 gros faisceaux toujours distincts, avec 
lesquels alternent d’autres faisceaux plus 
petits. Le bois se compose de fibres dis- 
posées en files radiales et de larges vais- 
seaux ponctués dont le diamètre peut 
atteindre 200 u. Au centre de la moelle 
parenchymateuse se trouve un amas de 
cellules scléreuses à parois épaisses. 

Réaubourg n'avait donné aucune in- 
dication sur les ponctuations des éléments 
fibreux de la portion ligneuse des fais- 
ceaux. C’est pourquoi nous les avons 
examiné en coupe longitudinale: Cette 
étude nous a révélé la présence de ponctua- 
tions toujours aréolées, situées sur les 
faces radiales et tangentielles de toutes 
les fibres (Lemesle, 1943b). Vues de 
face, les aréoles apparaissent circulaires; 
leur diamètre atteint 7 u; leurs ouvertures 
sont en boutonnières obliques par rapport 
à l’axe et: s’entrecroisent en X. Ces 
ponctuations se montrent rapprochées les 
unes des autres, disposées régulièrement, 
en une seule file sur chaque face, parfois 
en 2 files alternantes. 

Un examen plus approfondi du xylème 
de cette espèce nous permit de préciser 
davantage la nature de ces fibres ( Le- 
mesle, 1947c, e): Tout d’abord, les 
ouvertures obliques et croisées d’une même 
ponctuation n’atteignent pas le pourtour 
de l’aréole; nous sommes donc en présence 
de “ trachéides du type cycadéen ”. De 
plus, quelques-unes de ces fibres sont 
munies, au voisinage de leurs extrémités, 
de perforations ovales dont les dimen- 
sions s'élèvent jusqu’à 207 u (Fig. 7). 


2. Par ce caractère, le Sargentadoxa s’écarte 
nettement des diverses espèces d’Holboellia chez 
lesquelles le liège prend naissance dans la zone 
corticale, le plus souvent aux dépens de l’assise 
sous-épidermique. 

_3. De telles trachéides pourvues de perfora- 
tions, vues par nous tout d’abord chez les Ipécas, 
semblent fort analogues à ces éléments décou- 
verts par Woodworth (1935) dans le bois de 
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Fics. 
tadoxa cuneata Rehd. & Wils. Coupe longitudinale 
d’un fragment de trachéide ouverte; p, perfora- 


Schématique. Sargen- 


tion simple. Fig. 8. Schématique. Lardizabala 
triternata R. & P. Coupe longitudinale d’un frag- 
ment de trachéide vraie. Fig. 9. Schématique. 
Holboellia latifolia Wall. Coupe longitudinale 
d’un fragment de trachéide ouverte à face 
interne munie d’épaississements lignifiés spiralés : 
p, perforation simple. Fig. 10. Schématique. 
Holboellia coriacea Diels. Coupe longitudinale 
d’un fragment de trachéide ouverte à face 
interne munie d’épaississements lignifiés entre- 
croisés; p, perforation simple. 


Dans les portions ligneuses des faisceaux 
de cette plante, nous constatons ainsi 
l'association de “ tracheides ouvertes ”’ 
ou “ fibres aréolées conductrices ”’, à per- 
forations simples, et des “ trachéides 
vraies ”, dépourvues de perforations. Une 
coexistence analogue a déjà été men- 
tionnée par nous chez les Rubiacées 


plusieurs espèces de Passiflora, principalement le 
P. vitifolia H.B. & K. Cet auteur donne une 
excellente description de ces curieux éléments 
qu'il désigne sous le terme de ‘ fibriform vessel 
members ’. 


1955] 


connues sous le terme d’ “‘ Ipécacuanhas 
vrais’ ( 1947a, b). 

A ce point de vue, les Sargentadoxacées 
diffèrent des Schizandracées, des Illiciacées 
et des Cercidiphyllacées dont le bois 
secondaire renferme toujours des “ tra- 
chéides vraies ”. 

L'étude de la fleur et du fruit du Sarg- 
entadoxa cuneata, révèle l'existence de 
plusieurs caractères archaiques: Les anthè- 
res extrorses à connectif apiculé, la dis- 
position spiralée des nombreux carpelles 
insérés sur un réceptacle elliptique proémi- 
nent, les stigmates sessiles prolongés en 
becs recourbés, puis le large hile des 
graines. Si l’on se borne à cet ensemble, 
nos observations sur les ponctuations 
aréolées des fibres ligneuses se trouvent 
en harmonie, au point de vue phylogénéti- 
que, avec les données de la morphologie 
externe. 

Par contre, d’autres caractères mani- 
festent un état nettement plus différencié: 
La dioecie, la disposition verticillée des 
pièces du périanthe ainsi que de l’androcée, 
la réduction du nombre de pétales, le 
fruit charnu, le port sarmenteux de 
Vappareil végétatif. Et ce groupe de 
caractéres évolués vient concorder avec 
une double particularité histologique: Le 
grand calibre des vaisseaux ligneux et 
leur perforation toujours simple, indice 
évolutif certain. 

Il résulte de l’ensemble de ces considéra- 
tions que les Sargentadoxacées, tout en 
ayant conservé un certain degré d’archa- 
isme, ne pourront pas être placées parmi les 
Familles d’Apocarpiques les plusanciennes. 


Lardizabalacées 


Il restait à préciser la nature exacte des 
constituants du bois des Lardizabalacées. 
Dans ce but, nous avons étudié les tiges 
des genres Lardizabala, Holboellia, Akebia 
et Boquila ( Lemesle, 1947c, e ). 

Chez le Lardizabala triternata KR. & P., 
originaire du Chili, nous voyons des 
trachéides de 300 à 500 y de longueur, a 
extrémités effilées; en coupes transver- 
sales, elles se montrent quadrangulaires, 
pentagonales ou hexagonales; leur dis- 
position est parfois assez irrégulière. 
Toutes leurs faces sont pourvues de ponc- 
tuations aréolées circulaires à ouvertures 
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obliques et croisées, ordinairement en une 
seule rangée; le diamètre des aréoles varie 
de 6 à 7 u; ici, nous ne remarquons 
jamais de perforations (Fig. 8). Ces 
“ tracheides vraies ” sont accompagnées 
de vaisseaux à contour ovoide (calibre 
maximum 65 4), à perforations toujours 
simples, à ponctuations aréolées le plus 
souvent ovoides à fentes obliques et 
croisées, parfois étirées horizontalement 
de façon à réaliser le type scalariforme. 

Chez le Lardizabala biternata R. & P. 
du Chili, nous constatons encore la pré- 
sence constante de “ trachéides vraies ” 
semblables à celles de l’espèce précédente, 


mais disposées en files radiales plus 
régulières. 
Dans les tiges d’Holboellia latifolia 


Wall. de l'Himalaya, d’H. coriacea Diels 
de Chine et d’H. chapoensis Gagnep. du 
Tonkin, le bois secondaire se distingue 
par la coexistence de “ trachéides vraies ”’ 
et de “‘ trachéides ouvertes ”” à perfora- 
tions ovoides (ces perforations atteignent 
environ 14X7 uw). Elles se terminent 
toutes en pointe effilée; leur longueur 
varie généralement de 300 à 350 y, mais 
elle peut s'élever jusqu’à 600 y. En 
coupe transversale, elles se montrent le 
plus souvent quadrangulaires, en files 
radiales régulières. Les ponctuations 
aréolées du type cycadéen se voient sur 
tous les côtés, tantôt en une seule rangée, 
tantôt en 2 séries alternantes: leur dia- 
mètre ne dépasse guère 5 u. De plus, les 
faces internes de ces trachéides sont 
pourvues de minces bandes spiralées 
lignifiées ( Fig. 9 ) lesquelles s’entrecroisent 
fréquemment, formant ainsi un reticulum 
( Fig. 10). Le xylème de ces 3 espèces 
renferme aussi des vaisseaux de section 
circulaire (jusqu’à 72 p de calibre) ou 
ovoide (110x55 wu) à perforations 
simples; ces vaisseaux sont munis de 
ponctuations aréolées de forme ellipti- 
que a fentes étirées et paralléles entre 
elles; leur face interne présente la striation 
spiralée. 

Dans le bois secondaire des tiges 
d’Akebia quinata Decne de Chine, d'A. 
lobata Decne du Japon et de Boguila 
trifoliata DC. du Chili, nous observons 
également l'existence de trachéides a 
ponctuations aréolées (5 y) du type 
cycadéen, les unes pourvues, les autres 
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dépourvues de perforations; les faces 
internes présentent des bandes lignifiées 
formant des épaississements spiralés sou- 
vent entrecroisés. Les vaisseaux sont 
semblables à ceux des Holboellia; cepen- 
dant chez le Boguila trifoliata DC., les 
ponctuations aréolées se montrent plus 
fortement étirées horizontalement avec 
des fentes tantöt paralleles, tantöt entre- 
croisees en X. 

Dans les genres Holboellia, Akebia et 
Boquila, le xylème se fait donc remarquer 
par la coexistence de “‘ trachéides vraies ” 
et de “‘ trachéides ouvertes’’ dont la face 
interne offre la striation spiralée ou 
spiralo-réticulée. Par contre, le bois du 
genre Lardizabala ne renferme, outre ses 
vaisseaux, que des “ trachéides vraies ’’ 
a face interne lisse. 

A la suite de ces nouvelles observations, 
nous distinguerons désormais les “‘ tra- 
chéides à face interne pourvue d’epais- 
sissements lignifiés spirales ou réticulés ”, 
lesquelles s'opposent aux “ tracheides dont 
la face interne reste lisse”. 

Si nous recherchons maintenant les 
caractères évolutifs, nous considérerons 
que, d’une part la perforation des parois 
des trachéides, d’autre part la striation 
spiralée ou réticulée de leur face interne 
représentent un état déjà plus différencié. 
Et ces particularités histologiques per- 
mettent d'établir une gradation de nos 
trachéides à ponctuations aréolées à 
fentes en forme de boutonnières (type 
cycadéen ); nous nous proposons d’exposer 
ainsi qu'il suit cette légère évolution 
utilisable en phylogénie: 

1° Les tracheides vraies, à paroi dé- 
pourvue de perforations et à face interne 
lisse, réunissent les conditions les plus 
archaïques. 

2° Un niveau intermédiaire se trouve 
réalisé par les tracheides ouvertes à face 
interne lisse d'une part, et par les tracheides 
vraies à striation Spiralée ou réticulée 
d'autre part. 

3° Enfin les tracheides à paroi munie 
de perforations et à face interne pourvue 
de bandes lignifiées atteignent un stade de 
perfectionnement encore plus accentué. 

Mais quel que soit leur degré de pro- 
gression, ces diverses trachéides doivent 
rester parmi les éléments primitifs. Aussi 
la distinction de ces derniers caractères 
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évolutifs nous semble-t’elle offrir de 
l'intérêt surtout pour la filiation des 
Familles qui conservent un rang inférieur 
dans l’échelle des Dicotylédones. 

D'après Hallier (1912), les Lardiza- 
balacées dériveraient directement des Pro- 
berbéridées, groupe hypothétique éteint, 
enfoui peut-être au fonds du Pacifique. 
L'auteur invoquait en faveur de cet 
argument la distribution géographique de 
la plupart des représentants de cette 
Famille: Nord-Ouest et Sud-Est de l'Océan 
Pacifique. Au point de vue phylogéné- 
tique, la présence constante de trachéides 
à ponctuations aréolées dans le bois des 
divers genres de Lardizabalacées, constitue 
en effet un caractère archaïque lequel se 
trouve en corrélation avec certaines parti- 
cularités primitives de la fleur: Les 
étamines en forme de larges bandes pro- 
longées en becs au delà des anthères 
extrorses, le grand nombre d’ovules dans 
chaque carpelle, le stigmate subsessile, 
les longs fruits polyspermes s’ouvrant 
finalement comme des follicules, l'embryon 
minime entouré d’un volumineux albu- 
men. 

Malgré cela, nous ne partageons pas 
entièrement l'opinion d’Hallier. A notre 
avis, les Homoxylées ainsi que les Apo- 
carpiques à fleurs acycliques doivent 
occuper un rang inférieur à celui des 
Lardizabalacées dans l’arbre généalogique 
des Angiospermes. Dans le bois des 
Schizandracées, des Illiciacées et des 
Cercidiphyllacées, trois caracteres histo- 
logiques s’associent pour révéler un degré 
d’archaisme plus marqué: Les trachéides 
depourvues d’une part de perforations, 
d’autre part de toute striation sur leur 
face interne, puis les perforations scalari- 
formes des vaisseaux. 

Les Lardizabalacées présentent en outre 
un stade de perfectionnement un peu 
plus accentué que les Sargentadoxacées 
par la prédominance des trachéides a face 
interne munie d’épaississements spiralés 
ou réticulés. Si on envisage la morpho- 
logie externe, les Lardizabalacées, par 
l'oligocarpie et le type verticillé du 
gynécée, apparaissent plus évoluées que 
les Sargentadoxacées dont les nombreux 
carpelles conservent la disposition spiralée ; 
la fréquence de la monadelphie, chez les 
Lardizabalacées, vient encore confirmer 
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cette opinion. Cette Famille ne pourra 
donc pas occuper le niveau le plus in- 
férieur de l’arbre généalogique. 


Calycanthacées 


La présence de trachéides avait été 
mentionnée dans le bois secondaire des 
Calycanthacées; mais ces éléments n’avai- 
ent pas été décrits d’une façon précise; il 
nous a paru intéressant d’en étudier la 
nature exacte. Dans le but d’appro- 
fondir la morphologie interne du xyléme 
des représentants de cette Famille, les 
genres Calycanthus et Chimonanthus, nous 
avons examiné les tiges des espèces 
suivantes: Calycanthus occidentalis H. & 
A. de Californie, C. floridus L., C. laevi- 
gatus Willd., C. glaucus Willd. d’Amérique 
boréale, Chimonanthus fragrans Lindl. du 
Japon, C. nitens Oliv. de Chine ( Le- 
mesle, 1947d, e). 

Dans les diverses espéces de Caly- 
canthus, le bois secondaire, en anneau 
continu, est divisé en secteurs par des 
rayons médullaires uni ou __ bisériés. 
Chacun de ces secteurs renferme de 
nombreuses fibres de section quadran- 
gulaire disposées en files radiales régulières, 
pourvues sur les faces latérales de longues 
fentes obliques et croisées en X; par la 
disparition presque complète des aréoles, 
ces éléments réalisent les caractères des 
“fibres libriformes’’. Nous observons 
d'autre part la présence de trachéides 
terminées en pointes effilées, dont la 
longueur varie de 80 à 360 u et le calibre 
de 18 à 25 u; leur contour est quadran- 
gulaire; toutes leurs faces sont munies de 
ponctuations aréolées circulaires très rap- 
prochées et disposées ordinairement en 
une seule file, parfois en 2 rangées alter- 
nantes; le diamètre des aréoles atteint 
8 et les ouvertures sont rondes ( Figs. 11, 
12), Les. faces internes de ces tra- 
chéides sont pourvues de minces bandes 
spiralées lesquelles en s’entrecroisant for- 
ment un reticulum. Quelques-uns de 
ces éléments se font remarquer par l’ab- 
sence de perforations ( Fig. 11); mais le 
plus souvent leurs cavites communiquent 
entre elles par des perforations simples, 
de forme oblongue (jusqu’à 30 p de plus 
grand diamétre), situées ordinairement 
au voisinage des extrémités (Fig. 12). 
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Fics. 11-13 — Fig. 11. Schématique. Caly- 
canthus occidentalis H. & A. Coupe longitudinale 
d'une trachéide vraie dont les faces internes offrent 
la striation réticulée. Fig. 12. Schématique. Caly- 
canthus occidentalis H. & A. Coupe longitudi- 
nale d’un fragment de trachéide ouverte; p, 
perforation simple. Fig. 13. Schématique. Chi- 
monanthus fragrans Lindl. Coupe longitudinale 
d'un fragment de trachéide ouverte à face in 
terne munie d’épaississements lignifiés spiralés ; 
p, perforation simple. 


Dans ces mémes secteurs, on voit aussi 
de véritables vaisseaux, de section souvent 
polygonale, dont le calibre ne dépasse 
guère 50 uw, à perforations toujours 
simples; ces vaisseaux sont munis de 
ponctuations 


aréolées circulaires ou 
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elliptiques; leur face interne offre la 
striation spiralée. 

Le xyléme des deux espéces de Chimo- 
nanthus renferme les mémes constituants 
que celui du Calycanthus: De volumineux 
paquets de fibres libriformes, des tra- 
chéides et des vaisseaux a perforations 
simples. Cependant, quelques différences 
sont a signaler: La paroi des fibres libri- 
formes est plus épaisse. Les trachéides 
ont un contour quadrangulaire ou penta- 
gonal; leurs épaississements internes sont 
spiralés; mais surtout les ponctuations 
aréolées se distinguent par l’étirement de 
leurs fentes, en forme de boutonnières; 
ces ouvertures obliques et croisées at- 
teignent environ la moitié du diamètre 


de l’aréole, lequel est de 8 u. Ici, on 
observe encore la coexistence de 
‘‘ trachéides vraies ’’ et de “ trachéides 


ouvertes ’’, ces dernières plus fréquentes 
(Bier). 

Ces recherches nous permettent de 
mettre en evidence, dans le genre Caly- 
canthus, une particularite laquelle semble 
fort rare chez les Dicotyledones Heter- 
oxylées: La présence, dans le xyleme, de 
trachéides a ponctuations aréolées, a 
ouvertures circulaires semblables a celles 
des Coniférales; ce caractère, joint a 
la striation de la face interne, nous 
amène a établir une analogie avec les 
Taxées. 

Or les ponctuations aréolées circulaires 
à ouvertures rondes constituent le type 
le plus archaïque. En effet, de sembl- 
ables ponctuations ont été décrites par 
Krausel ( 1924) dans un des plus anciens 
fossiles vasculaires connus: Archaeoxylon 
krasseri Kräussel, découvert par Krasser 
aux environs de Prague (région de 
Jungbunzlau) dans une couche bitu- 
mineuse précambrienne. Ce type est in- 
contestablement plus primitif que les 
ponctuations aréolées en forme de bouton- 
nières. 

La forme des ouvertures des aréoles 
distingue ainsi nettement le Calycanthus 
du Chimonanthus. 

Si l’on examine la morphologie florale 
du Calycanthus, on constate tout un 
ensemble de caractères archaïques: Les 
sépales peu séparés des bractées supér- 
ieures, le type acyclique très accentué, 
le grand nombre de pièces du périanthe 
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insérées en spirale sur la face externe et 
le bord épaissi d’un volumineux récep- 
tacle, la transition graduelle des sépales 
verdatres en pétales rougeätres ou jauna- 
tres, puis des pétales en étamines, les 
nombreuses étamines fertiles à anthères 
extrorses surmontées d’un prolongement 
du connectif, le grand nombre de stami- 
nodes qui continuent en dedans la spirale 
des étamines, la polycarpie. 

Chez le Chimonanthus, on observe au 
contraire des caractères déjà plus évolués: 
Le passage brusque des pétales aux 
étamines, l’androcée constitué de 5 éta- 
mines fertiles et de 5-8 staminodes, puis 
les carpelles bien moins nombreux. 

Les particularités des trachéides se 
joignent ainsi aux données de la morpho- 
logie florale pour révéler chez le Caly- 
canthus un degré d’archaisme plus accen- 
tué que chez le Chimonanthus. 

A la suite de ces considérations, le 
Calycanthus devra-t-il étre placé a la base 
de l’arbre généalogique ? Le mode d’in- 
sertion des pièces du périanthe, de l’an- 
drocée et du gynécée réalise évidemment 
la disposition acyclique la plus prononcée 
que l’on puisse observer chez les Dicoty- 
lédones arborescentes. Les ouvertures 
des aréoles des trachéides coïncident, au 
point de vue phylogénétique, avec cette 
conformation; on peut y joindre le petit 
calibre des vaisseaux du bois et leur 
section polygonale, types également pri- 
mitifs. Mais ces survivances archaiques 
se trouvent contrebalancées par plusieurs 
caractères nettement évolués, lesquels se 
voient aussi chez le Chimonanthus: Les 
feuilles opposées, les graines exalbumi- 
nées, le prosenchyme constitué surtout 
de fibres libriformes, les perforations 
simples des vaisseaux. On peut y joindre 
aussi la structure unilacunaire du noeud 
foliaire, mise en évidence par Money, 
Bailey & Swamy (1950). 

La Famille des Calycanthacées ne peut 
donc pas être considérée comme une des 
Apocarpiques les plus primitives. 


Paeoniacées 


La plupart des systématiciens ont 
classé le genre Paeonia dans la Famille 
des Renonculacées et la tribu des Paeoni- 
ées. Cependant Worsdell (1908) attirait 
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déjà l’attention sur ce fait que la disposi- 
tion concentrique des faisceaux, si fréque- 
nte chez les Renonculacées, fait complète- 
ment défaut dans les organes végétatifs 
des Pivoines. Considérant en méme temps 
certains caractéres de la fleur et de la 
graine du Paeonia, il estimait que ce 
genre se rapproche davantage des Caly- 
canthacées et des Magnoliacées. 

Puis Kumazawa ( 1935) signalait dans 
les vaisseaux du bois des Paeonia la 
présence de perforations scalariformes 
(5-15 barreaux); ce caractère important 
distingue ce genre des Renonculacées chez 
lesquelles on observe toujours la per- 
foration simple. Ce chercheur faisait 
remarquer encore une autre différence: 
Chez le Paeonia, les rayons médullaires 
secondaires se prolongent jusque dans la 
zone la plus interne du xylème, tandis 
que, chez les Renonculacées telles que le 
Clematis, les rayons médullaires apparais- 
sent seulement dans le bois secondaire le 
plus récemment différencié. 

Se basant sur ces diverses observations, 
ces auteurs en concluaient que le Paeonia 
doit constituer le représentant d’une 
Famille distincte: Les Paeoniacées. 

La nature exacte des éléments fibreux 
du bois de ce genre n'ayant jamais été 
élucidée, nous avons entrepris l'étude 
structurale des tiges des espèces suivantes 
( Lemesle, 1948a ). 

Paeonia moutan Sims et P. delayavi 
Franch., originaires de Chine, qui offrent 
un port frutescent. 

Paeonia officinalis Retz., d'Europe cen- 
trale et méridionale; P. corallina Retz., 
d’Asie Mineure; P. peregrina Mill. et P. 
tenuifolia L., d'Arménie; P. witmanniana 
Stev., du Sutchuen; P. albiflora Pall., de 
Mandchourie; P. anomala L., du Thibet; 
P. obovata Max., de Mongolie; P. emodi 
Wall., des Indes orientales; P. browni 
Dougl. de Californie. Ces dix espéces 
sont des plantes herbacées. 

Chez le P. moutan et le P. delavayi, 
les fibres du xylème sont pourvues, sur 
toutes leurs faces, de ponctuations aréolées 
circulaires à fentes obliques et croisées 
en X (trachéides du type cycadéen ). 
Leurs cavités communiquent plutôt rare- 
ment par des perforations simples; les 
“ trachéides vraies” sont ici plus nom- 
breuses que les “ trachéides ouvertes ”. 
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Leur longueur varie ordinairement de 
150 à 300 y, mais elle peut atteindre 
jusqu'à 400 u. Le diamètre des aréoles 
est d’environ 7 Les faces internes 
présentent le plus souvent la striation 
spiralo-réticulée. 

Dans les tiges des dix autres espèces, 
les fibres du bois secondaire diffèrent des 
précédentes par leur longueur plus ac- 
centuée; leurs faces sont toujours pourvues 
de ponctuations aréolées à ouvertures 
obliques et croisées; le diamètre des 
aréoles est cependant plus petit (4-6 u), 
mais les fentes ne touchent pas le pourtour. 
Ici, les cavités des fibres communiquent 
assez fréquemment entre elles par des 
perforations simples; puis on constate 
l'absence de striation spiralo-réticulée. 
Nous observons ainsi, chez ces dix espèces 
herbacées, la coexistence de ‘‘ trachéides 
vraies ’’ et de “‘ trachéides ouvertes ”” à 
face interne lisse. 

Le genre Paeonia est donc caractérisé 
par la présence constante, dans le bois 
secondaire, de trachéides aréolées du type 
cycadéen. Le xylème des tiges de cer- 
taines Renonculacées à formations lig- 
neuses secondaires bien développées, ren- 
ferme des éléments fibreux de nature fort 
différente: Nous constatons par exemple, 
chez l'Helleborus foetidus L., un pro- 
senchyme constitué exclusivement de 
fibres libriformes. 

Cette particularité structurale décou- 
verte par nous chez le Paeonia, constitue 
un argument nouveau lequel contribue A 
separer ce genre des Renonculacées pour 
le classer dans la Famille des Paeoniacées. 

Nos observations viennent par ailleurs 
renforcer les conceptions de Hallier (1912) ; 
cet auteur isolait lui aussi les Paeoniacées 
et leur fixait dans son tableau phylo- 
génique des Ranales un rang inférieur à 
celui des Renonculacées. Il attirait l’at- 
tention sur leurs graines volumineuses à 
tégument luisant et à large hile. On doit 
tenir compte aussi, chez le Paeonia, de 
l'absence de démarcation nette entre les 
sépales, les bractées et les véritables 
feuilles, disposition primitive qui ne se 
retrouve pas chez les Renonculacées. Or 
les trachéides aréolées du type cycadéen 
constituent un indice d’archaisme, lequel se 
montre en corrélation avec la perforation 
scalariforme des vaisseaux. La présence 
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de fibres libriformes dans le xyléme 
des tiges de Renonculacées frutescentes 
(Clematis, Xanthorrhiza), ou suffrutes- 
centes (Helleborus), coincide avec la 
perforation simple des vaisseaux pour 
révéler un degré d’évolution plus marqué. 

L'anatomie du bois est donc en plein 
accord avec la morphologie de la fleur 
et de la graine pour permettre aux 
phylogénistes de placer la Famille des 
Paeoniacées au dessous des Renoncula- 
cées dans l’échelle des Apocarpiques. 

Par contre deux particularités histo- 
logiques contribuent à mettre les Paeonia- 
cées à un niveau d'évolution supérieur à 
celui des Schizandracées et des Illiciacées: 
La prédominance de la striation spiralo- 
réticulée sur la face interne des trachéides 
chez les Pivoines frutescentes, puis les 
perforations qui se retrouvent assez sou- 
vent aux extrémités des fibres aréolées, 
dans le bois des Pivoines herbacées. A 
ce point de vue, les Paeoniacées tendraient 
à se rapprocher des Lardizabalacées tout 
en restant plus primitives que ces dernières 
par la perforation scalariforme des vais- 
seaux du bois. A ce type structural 
viennent se joindre plusieurs caractères 
floraux qui contribuent encore à placer 
les Paeoniacées bien au dessous des 
Lardizabalacées dans l'échelle des Apo- 
carpiques: Les grandes fleurs herma- 
phrodites solitaires et terminales, la dis- 
position parfois acyclique des pièces du 
périanthe, la polystémonie et l'insertion des 
étamines suivant le trajet d’une spirale. 


Crossosomatacées 


Il restait à examiner le Crossosoma 
californicum Nutt., arbuste placé par 
Baillon (1867-1869) dans la série des 
Pivoines. Les genres Paeonia et Crosso- 
soma se rapprochent en effet par un 
ensemble de caractéres de la fleur et du 
fruit. Le Crossosoma se distingue cepen- 
dant par les graines réniformes, l’embryon 
arqué et surtout par ses petites feuilles 
simples, obovales-oblongues, coriaces, d’un 
vert grisätre lesquelles donnent a cet 
arbuste le port d’un sclérophyte. 

L’étude structurale de cette espéce 
révéle la formation précoce d’un liége et 
d’un anneau libéro-ligneux continu. Mais 
les genres Crossosoma et Paeonia diffèrent 
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par l’origine du périderme: Sous-épidermi- 
que chez le premier, péricyclique chez 
les Pivoines frutescentes. Dans le xylème 
de ces deux genres, les rayons médullaires 
s’avancent jusque sur le bord interne 
de l’anneau ligneux. Les vaisseaux du 
bois du Crossosoma sont isolés, de section 
polygonale et de petit calibre; mais ils 
se distinguent par la grande prédominance 
de la perforation simple. Précisons main- 
tenant la nature des constituants du pro- 
senchyme: D’aprés Record & Hess (1943), 
le bois secondaire renferme des fibres a 
ponctuations aréolées nombreuses et 
larges. Nos observations personnelles nous 
ont toujours révélé, sur les faces des 
fibres ligneuses, la présence de ponctuations 
aréolées dont le diamétre ne dépasse pas 
3 uw; les ouvertures obliques et croisées 
touchent le bord de l’aréole. Ces élé- 
ments doivent étre considérés comme des 
“ fibres-trachéides ”’ ( Lemesle, 1948b ). 

En nous basant sur ces particularités 
structurales, nous sommes amené à séparer 
le Crossosoma des Paeoniacées ainsi que 
des Renonculacées. Nous adoptons l’opi- 
nion d’Engler (1897), d’Hutchinson (1926) 
et de Gundersen (1950) qui font de ce 
genre le représentant unique de la Famille 
des Crossosomatacées; mais nous ne som- 
mes pas d’avis de l’introduire dans l’ordre 
des Rosales; il nous semble préférable de 
le maintenir parmi les Apocarpiques. 

Les vaisseaux conducteurs isolés, leur 
petit calibre et leur section polygonale 
représentent encore un état assez primitif. 
Néanmoins, dans l’arbre généalogique, le 
Crossosoma doit occuper un rang supérieur 
à celui des Pivoines, tant par la perforation 
simple de ses vaisseaux ligneux que par le 
prosenchyme constitué exclusivement de 
fibres-trachéides. 

La morphologie externe montre quel- 
ques caractères évolués lesquels s’ac- 
cordent au point de vue phylogénétique 
avec ces particularités histologiques: Le 
réceptacle floral du Crossosoma est beau- 
coup plus creux que celui du Paeonia; la 
périgynie est donc plus accentuée. Chez 
le Crossosoma, la disposition des pièces 
du périanthe est nettement verticillée sur 
le type 5; l’androcée tend à évoluer vers 
le mode cyclique. L’embryon incurvé 
est sensiblement plus développé que celui 
des Pivoines. De plus, les fleurs du 
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Crossosoma sont portées par un pédoncule 
assez long (3-4 cent.) dépourvu d’ele- 
ments foliacés; on ne voit donc pas ici 
cette absence de démarcation entre les 
sépales et ies bractées, conformation 
primitive bien connue chez le Paeonia. 
A notre avis, les Crossosomatacées déri- 
veraient des Paeoniacées, tout en s’éle- 
vant au-dessus dans l’Echelle des Apo- 
carpiques. 


Position Phylogénétique del’Hydrastis 


Aucune indication n'ayant été donnée 
jusqu’à présent sur la nature des fibres et 
la perforation des vaisseaux ligneux de 
VHydrastis canadensis L., de nouvelles 
recherches s’imposaient sur ce sujet. Dans 
ce but, nous avons entrepris l'étude 
structurale de la tige aérienne ainsi que 
du rhizome de cette espéce médicinale 
connue surtout par la localisation de la 
berbérine et de l’hydrastine dans ses 
parenchymes ( Lemesle, 1948b, 1950a ). 

Les portions ligneuses des faisceaux de 
la tige aérienne se composent de files 
d’elements de parenchyme sclérifié et de 
vaisseaux; ceux-ci se font remarquer par 
la coexistence des perforations simples et 
des perforations scalariformes; le nombre 
de barreaux de ces derniéres, ordinaire- 
ment de 3 à 10, s'élève parfois jusqu’à 18; 
de temps en temps, on observe quelques 
anastomoses entre les barreaux, indice 
d’évolution vers la perforation réticulée ; 
mais le type scalariforme prédomine. Les 
parois latérales de ces éléments conduc- 
teurs sont munies de ponctuations aréolées 
elliptiques très rapprochées, à fentes 
horizontales et parallèles entre elles, rare- 
ment obliques et entrecroisées. 

Le bois secondaire du rhizome est cons- 
titué de vaisseaux, d’amas de parenchyme 
cellulosique et de petits paquets de fibres 
sclérifiées. Vues en coupe longitudinale, 
ces dernières réalisent le type de “ fibres 
libriformes ” bien caractérisées par la 
disparition complète ou presque complète 
des aréoles et par les longues fentes 
entrecroisées en X. Ici, les vaisseaux se 
distinguent par la constance de la grande 
perforation simple, circulaire ou elliptique ; 
sur les faces latérales, on observe toujours 
des ponctuations aréolées fortement étirées 
dans le sens transversal, 
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Certains systématiciens classaient l’Hy- 
drastis dans la tribu des Renonculées, 
d’autres dans celle des Helléborées. Pohl 
( 1894 ) le placait avec le Paeonia dans la 
tribu des Paeoniées; c’est à cette opinion 
que se rallient la plupart des auteurs les 
plus récents. Hallier (1912) retranchait 
même l’Hydrastis des Renonculacées et 
l’associait au Paeonia dans la Famille 
des Paeoniacées, auprès des Podophyllées. 
Wettstein (1935) l’introduisait dans les 
Berbéridacées. Diels (1936) le classait 
avec le Glaucidium dans la tribu des 
Hydrastidées. 

Comme on le voit, ce genre a fait l’objet 
de bien des vicissitudes systématiques. 

La fréquence de la perforation scalari- 
forme dans les vaisseaux des tiges aéri- 
ennes, conduit à écarter l’Hydrastis des 
Renonculacées. Ce genre différe toutefois 
du Paeonia par la coexistence de la per- 
foration simple des vaisseaux, laquelle se 
montre même exclusivement dans le 
xylème des rhizomes, puis par la présence 
d’amas de fibres libriformes dans les 
portions ligneuses des faisceaux de ces 
mêmes organes souterrains. 

Si on examine la morphologie externe, 
l’Hydrastis se distingue par son périanthe 
simple formé de 3 pièces, ses carpelles bi- 
ovulés ainsi que par la nature du fruit 
( baie multiple ). Il nous semblerait donc 
logique de retrancher l’Hydrastis non 
seulement des Renonculacées, mais aussi 
des Paeoniacées pour en faire le repré- 
sentant unique de la Famille des Hydrasti- 
déacées. Au point de vue phylogénéti- 
que, cette petite Famille conserve encore 
quelques particularités primitives: La 
polystémonie, la polycarpie, la fréquence 
de la perforation scalariforme des vais- 
seaux de la tige aérienne. 

Mais la coexistence de la perforation 
simple, la présence de fibres libriformes, 
la réduction accentuée du périanthe, la 
nature charnue du fruit constituent autant 
de caractères évolués qui l'élèvent au- 
dessus des Paeoniacées, tout en la plaçant 
au-dessous des Renonculacées. 


Canellacées 


Les affinités de la Famille des Canel- 
lacées ont fait l’objet d'assez vives con- 
troverses, Bentham & Hooker (1862) en 
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faisaient une simple tribu des Bixacées. 
Miers (1858) l’a rapprochée des Magno- 
liacées. Baillon ( 1867-1869 ) l'a même in- 
corporée dans cette dernière Famille 
comme simple tribu: Les Canellées. 

Van Tieghem ( 1899 ) a attiré l’attention 
sur plusieurs caractères lesquels se re- 
trouvent dans tous les genres de Canel- 
lacées: La présence de cellules à huile 
essentielle dans la tige et dans la feuille, 
le calice trimère gamosépale et per- 
sistant, l’androcée gamostémone à an- 
thères extrorses, le pistil constitué de 
carpelles ouverts réalisant la placentation 
pariétale, les ovules semi-anatropes, le 
fruit bacciforme et l’albumen charnu. 
Van Tieghem estimait que cette Famille 
possede une indiscutable autonomie; 
d’apres cet auteur, elle doit occuper une 
place a part dans les Dialypétales supéro- 
variées. 

Depuis, les systématiciens ont classé 
les Canellacéés dans l’ordre des Pariétales. 
Cependant Wettstein (1935) place cette 
Famille dans l’ordre des Polycarpées, à 
côté des Myristicacées; elles ont l’une 
et l’autre pour caractères communs la 
gamostémonie; mais, à notre avis, elles 
diffèrent sensiblement par l’organisation 
du gynécée. 

Enfin Gundersen (1950) introduit les 
Canellacées dans l’ordre des Magnolia- 
les. 

Jusqu'à présent les auteurs ne sont 
donc pas d’accord sur la place que doit 
occuper la Famille des Canellacées dens 
la classification des Dialypétales. Av ssi 
en avons-nous entrepris l’étude structurale 
afin de voir le rôle que peut remplir 
l'histologie du bois dans la position 
systématique et phylogénétique de cette 
Famille ( Lemesle, 1950b, 1951 ). 

HISTOLOGIE DU Bois — Chez toutes les 
Canellacées examinées, les formations 
libéro-ligneuses se réunissent de bonne 
heure en un anneau continu. Le bois 
secondaire, entièrement sclérenchymateux, 
est divisé en nombreux secteurs par les 
rayons médullaires unisériés, plus rare- 
ment bisériés; ces derniers, chez le Cinna- 
mosma fragrans H. Bn., tendent à perdre 
leur symétrie radiale pour prendre une 
disposition fortement sinueuse, particula- 
rité que l’on constate surtout chez les 
xérophytes, 
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Dans les diverses espéces étudiées, les 
secteurs du bois secondaire se montrent 
constitués d’un sclerenchyme dans la 
masse duquel sont plongés des vaisseaux 
conducteurs plus ou moins nombreux 
suivant les espéces. Quelle est la nature 
de ce sclérenchyme? Solereder ( 1885 ) 
mentionnait l’existence d’un “ prosen- 
chyme a ponctuations aréolées ”. En- 
suite Garratt (1933), Record & Hess 
(1943 ), puis Howard ( 1948 ) signalaient 
la présence de trachéides. Mais a quel 
type appartiennent ces trachéides ? C’est 
ce que nous avons voulu préciser en 
pratiquant de nombreuses coupes longi- 
tudinales de tiges aussi âgées que possible, 
de plusieurs espèces réparties dans les 
genres Canella, Cinnamodendron, Pleoden- 
dron et Cinnamosma. 

Vues en coupe transversale, les fibres 
affectent tantôt la forme arrondie ou 
ovoide, tantôt la forme quadrangulaire 
ou polygonale, mais toujours a angles 
mousses. Leur section varie de 22x15 u 
à 10X6 u; ordinairement, elle est d’en- 
viron 18x12 u. Leur paroi a une épais- 
seur de 3 à 7 u; à l’examen direct, elle 
se montre d’un jaune intense, principale- 
ment chez le Canella alba Murray, le 
Cinnamodendron glaziovi Schu., le Pleoden- 
dron macranthum v.T. et le Cinnamosma 
madagascariensis P. Danguy. 

En coupe longitudinale, on constate 
que les fibres se terminent, a chaque 
extrémité, en pointe effilée et acuminée; 
de plus, elles présentent, le plus souvent, 
une certaine flexuosité, particuliérement 
accentuée chez le Canella alba et le Pleo- 
dendron macranthum. Leur longueur varie 
de 3 a 7 dixiémes de millimétres; mais 
parfois elle peut atteindre et méme 
dépasser 1 mm. 

Les faces tangentielles et radiales de 
ces fibres sont munies de ponctuations 
aréolées circulaires, d’un diamètre de 
5 à 7 u; les ouvertures obliques et croisées 
n’atteignent pas le pourtour de l’aréole. 
Ces ponctuations se montrent très rap- 
prochées les unes des autres et disposées 
en une seule rangée sur chaque face. 
Nous sommes en présence de “ trachéides 
du type cycadéen’’. Ces trachéides sont 
toujours dépourvues de perforations; de 
plus on ne voit jamais ici, sur les faces 
internes, ces épaississements spiralés ou 
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réticulés que nous avons précédemment 
signalés chez certaines Lardizabalacées, 
chez le Chimonanthus, chez les Paeonia 
frutescents. Ce sont des “ trachéides vra- 
ies à face interne lisse ’’; elles appartien- 
nent au même type que celles décrites 
par nous dans les genres Schizandra, 
Illicium, Cercidiphyllum. 

Quant aux vaisseaux du bois secondaire, 
ils apparaissent tantôt isolés, tantôt 
groupés en petits amas. Leur section 
transversale est circulaire ou elliptique; 
elle atteint au maximum 72x55 u chez 
Canella alba, 45x30 p chez Pleodendron 
macranthum, 38X26 u chez Cinnamoden- 
dron glaziovi, 3018 u chez Cinnamosma 
madagascariensis. 

Les faces latérales des vaisseaux sont 
munies de ponctuations aréolées soit 
circulaires ou elliptiques avec ouvertures 
de même forme, soit fortement étirées 
horizontalement ainsi que leurs ouver- 
tures. Les perforations scalariformes avai- 
ent déjà été signalées par Solereder ( 1885 ) 
et par Garratt ( 1933 ); mais ces auteurs ne 
donnaient pas de précisions sur le nombre 
des barreaux de ces perforations dans les 
divers genres. D’après nos recherches 
personnelles, le chiffre maximum, variable 
suivant les genres et même les espèces, 
peut s'établir approximativement de la 
façon suivante: 


Cinnamodendron glaziovi 70 
Cinnamodendron madagascariensis 60 
Cinnamosma fragrans 50 
Cinnamosma macrocar pa 50 
Pleodendron macranthum 40 
Canella alba 20 


On aperçoit de temps en temps quelques 
anastomoses entre les barreaux; mais ici, 
cet indice d'évolution vers le type réticulé 
est fort peu marqué; le type scalariforme 
prédomine intensément dans toutes les 
perforations, 

APERÇU PHYLOGENETIGUE — Au point 
de vue phylogénétique, Hallier (1912) 
plaçait les Canellacées parmi les Anonales 
Magnoliinées, immédiatement au-dessus 
de la Famille des Magnoliacées. 

Par contre, Hutchinson (1926) intro- 


duit les Canellacées dans l'ordre des 
Bixales. Or, dans l'arbre généalogique 
dressé par cet auteur, les Bixales se 


trouvent au même niveau que les Tilia- 
les; ces deux ordres dériveraient des 
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Magnoliales par l'intermédiaire des Dil- 
léniales. 

Tandis qu’Hallier maintenait la Famille 
qui nous occupe dans un groupe primitif, 
Hutchinson lui assignait un rang déja 
sensiblement plus élevé dans l’échelle des 
Angiospermes Dialypétales. 

Si nous nous basons uniquement sur 
Vhistologie du bois secondaire, nous serons 
amené à adopter l’opinion d’Hallier. En 
effet, deux caractères structuraux per- 
mettraient de ranger les Canellacées au 
voisinage des Illiciacées et des Cercidi- 
phyllacées: Le prosenchyme constitué 
exclusivement de trachéides vraies à 
ponctuations aréolées du type cycadéen, 
puis la grande prédominance des per- 
forations scalariformes des vaisseaux, en 
même temps que le nombre souvent élevé 
des barreaux de ces perforations. L’ana- 
tomie du bois secondaire, incontestable- 
ment archaïque, obligerait les phylogénistes 
à maintenir les Canellacées à proximité 
de la base de l'arbre généalogique. 

Mais la morphologie de la fleur, du fruit, 
de la graine, s’accordera-t-elle avec les 
données de l’histologie du xylème ? 

Certains caractères tendent encore à 
représenter, dans cette Famille, un état 
relativement peu différencié: Le réceptacle 
floral convexe, les anthères extrorses, le 
style court, l'épaisseur et l'aspect luisant 
du tégument de la graine, la petitesse de 
l'embryon et le volumineux albumen. 

Dans le même sens, on peut ajouter 
deux autres particularités: 

1° La forme particulière des grains de 
pollen à un seul pli, caractère rare chez 
les Dicotylédones et qui se rencontre 
également chez les Magnoliacées. Baillon 
( 1867-1869 ) attirait l’attention sur l’ana- 
logie qu'il y a lieu d’établir sur ce point 
entre les deux Familles. 

2° La présence, a la base de la fleur, 
de quelques bractées imbriquées dont 
les plus internes ressemblent aux sépales 
qui leur font suite. Cette disposition 
primitive se montre nettement dans les 
diverses espéces du genre Cinnamosma. 

Si l’on examine l’aspect de l'appareil 
végétatif, on remarque, dans cette Famille, 
de petits arbres à feuilles isolées, à limbe 
entier, ovale allongé, penninerve, presque 
toujours coriace. Ces organes sont aro- 
matiques grâce 4 l'abondance des cellules 
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à huile essentielle. Un tel port se re- 
trouve souvent chez les Magnoliales, les 
Anonales, les Laurales. 

A ces caractéres, nous opposerons les 
suivants, lesquels révéleront, au contraire, 
chez les Canellacées, un certain degré de 
perfectionnement: 

1° Le nombre défini des pièces du péri- 
anthe, des étamines et des carpelles. 

2° La disposition verticillée des sépales 
et des pétales. 

3° La prédominance de la pentamérie 
de la corolle. 

4° La gamostémonie de l’androcée. 

5° La syncarpie de l'ovaire. 

6° Le fruit bacciforme. 

On peut encore invoquer: 

1° La concrescence des pétales du genre 
Cinnamosma. 

2° La réduction du nombre des car- 
pelles (4 au lieu de 5 dans le genre 
Cinnamosma, 2 dans le genre Canella ). 

3° La réduction du nombre des ovules 
(2 dans les genres Canella et Cinna- 
mosma ). 

Cet examen détaillé des diverses parties 
de la fleur des Canellacées nous améne 
a constater la prépondérance des carac- 
tères évolués. Principalement par la con- 
crescence de ses carpelles, cette Famille 
vient se placer sensiblement au-dessus 
des groupes de base. Cependant, par 
son mode de placentation pariétale, elle 
reste parmi les plus primitives des Dialy- 
pétales a ovaire syncarpique. Au-dessus 
des Pariétales apparaît, dans l'arbre 
généalogique, toute la série évolutive des 
Dialypétales à placentation axile. Mais 
si les Canellacées sont encore loin d'occuper 
le sommet de l'échelle, elles laissent du 
moins en dessous d’elles toutes les Familles 
de Dicotylédones Apocarpiques à fleurs 
acycliques, hémicycliques et cycliques. 

Comme le prouvent ces diverses re- 
marques, en ce qui concerne la position 
phylogénétique des Canellacées, les don- 
nées de la morphologie florale sont loin 
de se trouver en harmonie avec les 
particularités histologiques du bois secon- 
daire. A notre avis, il faut voir, dans 
cette structure si primitive des éléments 
du xyléme, une survivance archaique 
susceptible de persister, à l'état de 
vestige ancestral, même dans des Familles 
encore plus évoluées, 
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Lactoridacées 


La structure de la tige du Lactoris fer- 
nandeziana Philippi a surtout été décrite 
par Mc Laughlin (1933) ainsi que par 
Record & Hess (1943). Ces auteurs 
signalaient dans le bois la présence de 
courtes fibres pourvues de ponctuations 
aréolées nombreuses, longuement dépas- 
sées par les ouvertures. Dans le but de 
savoir s’il s’agit de fibres-trachéides, nous 
avons entrepris une étude anatomique de 
tiges âgées de cette espèce endémique de 
l’île Juan Fernandez ( Lemesle, 1952; 
195 2 

Les fibres constituent l’element pré- 
dominant du cylindre ligneux continu 
lequel entoure une moelle réduite et entiè- 
rement sclérifiée. Vues en section trans- 
versale, elles affectent la forme quadran- 
gulaire à angles plus ou moins mousses; 
leur longueur varie ordinairement de 200 
à 360 u et leur diamètre de 12 à 16 u; 
l'épaisseur de la paroi ne dépasse guère 
3 u. Les faces tangentielles et radiales 
sont munies de fentes obliques et croisées 
en X, très nombreuses et rapprochées; 
mais les aréoles, quand elles existent, sont 
extrêmement réduites (à peine 1 u. de 
diamétre ); et, le plus souvent, elles ont 
complètement disparu. Nous pouvons 
ainsi affirmer que le prosenchyme ligneux 
du Lactoris se compose essentiellement de 
fibres libriformes. 

Les vaisseaux conducteurs se font re- 
marquer par leur disposition en files radia- 
les régulières; leur section est fréquemment 
polygonale et leur calibre n’atteint pas 
100 u; leurs perforations sont rappro- 
chées et toujours simples. 

La plupart des systématiciens, prin- 
cipalement Wettstein (1935), ont classé 
parmi les Apocarpiques la Famille des 
Lactoridacées qui a pour représentant 
unique le Lactoris fernandeziana Philippi. 
Mc Laughlin (1933), se basant sur la 
structure du xyléme, place cette petite 
Famille dans l’ordre des Pipérales; puis 
Gundersen (1950) lui donne cette même 
position systématique. Nous ne parta- 
geons pas cette opinion; chez le Lactoris, 
les formations libéro-ligneuses secondaires 
se réunissent de bonne heure en un cercle 
complet, à bois très développé; le cylindre 
ligneux occupe au moins les 2/3 du 
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diamètre total de la tige âgée. Au con- 
traire, chez les Pipéracées et les Saurura- 
cées, les faisceaux conducteurs restent dis- 
tincts. De plus, le Lactoris se rapproche des 
Familles d’Apocarpiques par l’ovule ana- 
trope et l’absence de périsperme; il s’écarte 
ainsi de la plupart des Pipérales, carac- 
térisées par l’ovule orthotrope et la graine 
pourvue d’un double albumen. 

Au point de vue phylogénétique, Hallier 
(1912) introduisait les Lactoridacées 
parmi les Anonales Magnoliinées. Puis 
Hutchinson ( 1926) les range dans l’ordre 
des Magnoliales, les rattachant étroite- 
ment aux Wintéracées. Ces auteurs attri- 
buaient ainsi à cette petite Famille une 
position très archaïque dans l'échelle des 
Apocarpiques. 

Certains caractères tendent en effet à 
indiquer un état encore assez primi- 
tif: 

1° Les anthères extrorses à connectif 
prolongé en un bec court et large. 

2° Les grains de pollen groupés en 
tétrades. 

3° L’hypogynie. 

4° Le style court muni d’un sillon 
stigmatique sur sa face interne. 

5° Le fruit folliculaire. 

6° La graine à albumen volumineux, 
avec un embryon minuscule. 

Dans le même sens, on peut joindre le 
port de la plante qui consiste en un ar- 
brisseau à feuilles isolées, ovales, simples 
et dont le limbe ne possède aucune 
division, sauf une échancrure au som- 
met. 

A ces caractères, nous opposerons les 
suivants, lesquels manifestent un stade 
sensiblement plus évolué: 

1° La fréquence de la monoecie. 

2° La disposition verticillée des pi- 
èces du périanthe, de l’androcée et du 
ynécée. 

3° L’apétalie. 

4° Le nombre défini des sépales et 
des étamines. 

5° L’oligocarpie. 

6° Les stipules totalement indépen- 
dantes des bases foliaires, mais soudées 
entre elles de façon à former une gaine 
semblable à un ochréa. 

Si nous examinons, au même point de 
vue, l’histologie du bois secondaire, notre 
attention sera attirée par la section 
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fréquemment polygonale des vaisseaux 
ligneux, vestige du type primitif. Ce léger 
indice d’archaisme se trouve bientôt en 
contraste avec les caractéres suivants: La 
disposition des vaisseaux en files radiales 
assez régulières, leurs cloisons rapprochées 
et toujours creusées d’une large perfora- 
tion simple. Enfin, nous devons ajouter, 
en ce qui concerne le prosenchyme, la pré- 
sence constante de fibres libriformes. De 
telles particularités structurales révèlent 
un degré de perfectionnement accen- 
tué. 

En nous basant à la fois sur l’histologie 
du xylème et sur la morphologie florale, 
nous maintiendrons les Lactoridacées par- 
mi les Dicotylédones Apocarpiques, mais 
nous leur assignerons un rang nettement 
supérieur à celui des Magnoliales. D'une 
part, la constitution du bois secondaire 
écarte amplement le genre Lactoris des 
Wintéracées ainsi que des Trochodendra- 
cées dont le bois est homoxylé. De plus, 
dans les autres Familles introduites par 
Hutchinson dans l’ordre des Magnoliales 
( Magnoliacées, Schizandracées, Illiciacees, 
Cercidiphyllacées, puis le genre Euptelea, 
lequel constitue désormais le représentant 
unique de la Famille des Euptéléacées ), 
les vaisseaux du bois se font remarquer 
par leurs perforations scalariformes, ainsi 
que par le nombre souvent élevé des bar- 
reaux de ces perforations. Puis le prosen- 
chyme se montre constitué soit de trachéi- 
des à ponctuations aréolées du type cyca- 
déen (Schizandracées, Illiciacées, Cerci- 
diphyllacées ), soit de fibres-trachéides 
dont les ouvertures en X atteignent ou 
dépassent le pourtour des aréoles ( Magno- 
liacées, Himantandracées, Euptéléacées ). 
Ces caractéres histologiques du bois secon- 
daire, incontestablement archaiques, nous 
obligent a éloigner les Lactoridacées de 
ces diverses Familles. 

Enfin, la disposition verticillée des sép- 
ales, des étamines et des carpelles nous 
amène à élever la Famille qui nous occupe 
au-dessus des Apocarpiques frutescentes 
à fleurs acycliques et à fleurs hémicycli- 
ques. A notre avis, les Lactoridacées 
doivent être placées au sommet de l'arbre 
généalogique des Dicotylédones Dialy- 
pétales Apocarpiques, dans le groupe des 
Familles à fleurs cycliques, au voisinage 
des Ménispermacces, 
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Filiation des Apocarpiques les plus 
Archaiques 


Après avoir examiné les caractères de 
ces diverses Familles au point de vue 
systématique et phylogénétique, il nous 
semble utile de récapituler les particula- 
rités structurales de celles qui nous sem- 
blent offrir le maximum de primitivité. 
En nous basant, non pas sur un seul 
élément tel que la nature des fibres, mais 
sur l’ensemble des données de la morpho- 
logie externe et interne, ces Familles 
seraient les suivantes: Magnoliacées, Schi- 
zandracées, Illiciacées, Euptéléacées, Cer- 
cidiphyllacées, Eupomatiacées, Paeonia- 
cées. Nous n’envisageons ici que les 
Apocarpiques stricto sensu; nous ne nous 
occuperons donc pas des Gomortégacées, 
ni des Canellacées, lesquelles, par l’organi- 
sation de leur gynécée, ne peuvent pas 
être classées parmi les véritables Apocar- 
piques. En ce qui concerne les éléments 
vasculaires, nous tiendrons compte, non 
seulement de la nature des perforations 
et des ponctuations des faces latérales, 
mais encore de quelques autres caractères 
utilisables en phylogénie et que l’on peut 
résumer ainsi: Au cours de l’évolution, 
leur diamètre augmente, la section trans- 
versale primitivement anguleuse, devient 
circulaire ou ovoide; d’abord isolés et 
dispersés dans la masse sclérenchymateuse 
du xylème, ils tendent ensuite à se grouper 
en amas. 

Au cours de cette étude synthétique, 
nous rappellerons en même temps, dans 
ces quelques Familles, le mode de struc- 
ture nodale, d’après les indications d’Ozen- 
da (1949). Ce petit inventaire aura 
pour but de mettre en relief les divers 
types d’archaisme que l’on peut observer 
dans le bois de ces Apocarpiques Hétéro- 
xylées les plus proches de la base de 
l’arbre généalogique. 

MAGNOLIACEES — Prosenchyme consti- 
tué exclusivement de fibres-trachéides: 
Tantôt les ouvertures obliques et croisées 
touchent le pourtour de l’aréole sans le 
dépasser ou ne font que légèrement sail- 
lie, tantôt elles dépassent fortement le 
cercle de la ponctuation. 

Vaisseaux ligneux isolés ou parfois 
réunis en groupes, d’un calibre souvent 
inférieur à 100 u. Perforations toujours 


scalariformes (ordinairement 5 à 20 bar- 
reaux; le chiffre peut s’elever jusqu’à 25 
dans les genres Liriodendron, Talauma et 
Kmeria; il dépasse parfois 30 chez Mang- 
lietia ). 

Les faces latérales des vaisseaux sont 
munies de ponctuations parfois aréolées, 
parfois simples, étirées de façon à réaliser 
le type scalariforme ( Figs. 14, 15). 

Noeud multilacunaire. 

SCHIZANDRACEES — Prosenchyme cons- 
titué exclusivement de trachéides a ponc- 
tuations aréolées, a fentes obliques et 
croisées, dépourvues de perforations et a 
face interne lisse. 

Vaisseaux souvent isolés, de section 
polyédrique ou ovale, d’un calibre de 30 
à 100 u. Perforations souvent scalari- 
formes avec 8-15 barreaux; ce chiffre 
s'élève parfois jusqu’à 30, mais peut aussi 
se réduire à 3; par places, quelques per- 
forations simples. Les ponctuations des 
faces latérales sont fortement étirées 
(type scalariforme ). 

Noeud unilacunaire. 

Ajoutons ici exceptionnellement la pré- 
sence dans l'écorce et le liber d'éléments 
scléreux à paroi incrustée de cristaux 
d’oxalate de calcium, caractére archaique 
fort rare chez les Angiospermes. 

ILLICIACÉES — Prosenchyme constitué 
exclusivement de trachéides à ponctua- 
tions aréolées du type cycadéen, dépour- 
vues de perforations, à face interne 
lisse. 

Vaisseaux souvent isolés et de section 
polygonale, d’un large diamètre. Per- 
forations scalariformes, à très nombreux 
barreaux (parfois près de 100). Leurs 
faces sont munies de ponctuations aréo- 
lées, tantôt du type scalariforme, tantôt 
ovales ou elliptiques, à fentes obliques et 
croisées ( Fig. 16). 

Noeud unilacunaire. 

EUPTÉLÉACÉES — Prosenchyme forms 
exclusivement de fibres-trachéides: leé 
ouvertures obliques et croisées, le plus 
souvent, ne dépassent pas le pourtour de 
l’areole. 

Vaisseaux isoles et de petit calibre (50 u 
environ). Perforations  scalariformes 
à très nombreux barreaux ( jusqu’à 90 ). 
Les faces latérales sont munies, soit de 
ponctuations simples, étirées (type scalari- 
forme), soit de petites ponctuations 
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Fics. 14, 15 — Fig. 14. Schématique. Magnolia obovata Thunb. Coupe longitudinale du bois 


; f t, fibres-trachéides; v s a, vaisseaux à ponctuations aréolées scalari- 
Fig. 15. Schématique. Michelia parviflora Nen. Coupe 
fibres-trachéides; v s a, vaisseau à ponctuations 


secondaire d’une tige; 
formes; p/ s, pare nchyme ligneux sclérifié. 
longitudinale du bois secondaire d’une tige: ft, 
aréolées scalariformes; p s, perforation scale iriforme ; v s, vaisseau à ponctuations scalariformes 


simples (au voisinage des perforations, on observe le type réticulo-ponctué ), 
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Fics. 16, 17 — Fig. 16. Schématique. Illicium griffithii Hook. Coupe longitudinale du bois 
secondaire d’une tige: ir, ‚ trachäides à ponctuations aréolées ( au contact de deux trachéides, on voit 
les aréoles, de profil, sous l’aspect d'espaces lenticulaires biconvexes; la membrane primitive a 
ordinairement disparu ); vc, v s a, vaisseaux à ponctuations aréolées (en vc, les ponctuations a 
ouvertures obliques et croisées ressemblent a celles des trachéides; en v s a, elles réalisent partiel e- 
ment le type scalariforme ); p s, perforations scalariformes. Fig. 17. Schématique. Cercidiphyllulm 
japonicum S. & Zucc. Coupe longitudinale du bois secondaire d’une tige: tv, trachéide a 
ponctuations aréolées; c, ouverture d’une aréole, vue de profil; v s, vaisseaux a ponctuations 
scalariformes simples; v s a, vaisseau a ponctuations aréolées scalariformes; p s, perforation scalari- 
forme; p / s, parenchyme ligneux sclérifié. 
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aréolées semblables à celles des fibres- 
trachéides. 

Noeud unilacunaire. 

D'après Nast & Bailey (1946), 
il y aurait 6 ou 7 faisceaux et méme parfois 
davantage a la base du pétiole. Mais 
Ozenda (1949) affirme quel’ unique faisceau 


se divise dés son émergence en 5 
branches dans le genre Euptelea. 
CERCIDIPHYLLACÉES — Prosenchyme 


formé uniquement de trachéides vraies a 
ponctuations aréolées a fentes obliques 
et croisées, a face interne lisse. 

Vaisseaux de petit calibre ( 25 à 30 w), 
de section polygonale, isolés ou groupés 
en petits amas. Perforations scalarifor- 
mes a nombreux barreaux (jusqu’à 50). 
Faces latérales munies de ponctuations 
tantôt aréolés, tantôt simples, étirées de 
façon à présenter dans leur ensemble le 
type scalariforme ( Fig. 17). 

Noeud trilacunaire. 

EUPOMATIACEES — Prosenchyme consti- 
tué de fibres-trachéides a petites ponc- 
tuations avec des fentes en X très sail- 
lantes en dehors de l’aréole. 

Vaisseaux isolés ou en petits amas, de 
section souvent polygonale à angles mous- 
ses, parfois ovoïde ou elliptique; le calibre 
varie de 20 à 50 u. Perforations toujours 
scalariformes et à très nombreux barreaux 
(jusqu'à 100). Faces latérales munies 
de ponctuations aréolées, étirées (type 
scalariforme ). 

Noeud multilacunaire. 

PAEONIACEES — Ici, le prosenchyme se 
compose toujours de trachéides, mais une 
distinction est à faire entre les Pivoines 
frutescentes et les Pivoines herbacées: 
Chez les premières, les trachéides vraies 
sont plus fréquentes que les trachéides 
ouvertes; la face interne présente le plus 
souvent la striation spiralo-réticulée. Chez 
les espèces herbacées, les trachéides vraies 
coexistent avec les trachéides ouvertes 
et leur face interne reste lisse. 

Dans cette Famille, les vaisseaux res- 
tent isolés et d’un faible calibre. Per- 
forations scalariformes ( 5 à 15 barreaux ). 

Noeud penta ou trilacunaire. 

Il semblera sans doute surprenant que 
nous n’ayons pas mentionné la Famille 
des Himantandracées; mais ici, la morpho- 
logie interne réunit un ensemble de carac- 
teres qui révèlent un degré moyen d’évo- 


lution: Le prosenchyme se compose de 
fibres-trachéides à ponctuations de 3 u 
dont les fentes dépassent sensiblement le 
pourtour de l’aréole. Le calibre des vais- 
seaux atteint 200 uw; la perforation simple 
coexiste avec la perforation scalariforme 
(au plus 20 barreaux ); les ponctuations 
des faces latérales des parois ne réalisent 
pas le type scalariforme. La structure 
nodale est trilacunaire. 

Nous sommes loin de constater dans la 
structure de la tige de l’'Himantandra, une 
corrélation avec les données de la morpho- 
logie externe; la fleur de cette plante 
australienne constitue en effet un des 
types les plus primitifs que l’on connaisse 
chez les Dicotylédones. On peut con- 
sidérer que, dans ce genre, la nature des 
fibres et des vaisseaux, puis la structure du 
noeud foliaire ne sont guère en rapport 
avec l’organisation si ancestrale des pièces 
florales, principalement de l’androcée. Le 
maximum d’archaisme est certainement 
réalisé chez les étamines fertiles, non 
seulement par les longs appendices rubanés 
qui surmontent l’anthere, mais aussi par 
l'insertion des sacs polliniques sur la face 
externe du connectif et non sur les bords. 
En tenant compte à la fois de l’histologie 
du bois et de la structure nodale, nous 
sommes amené a placer les Himantandra- 
cées au-dessus des Eupomatiacées, comme 
nous le faisions déja remarquer plus haut. 

Parmi ces Familles que nous venons 
d'examiner, quelle est la plus ancienne ? 
Cette question semble difficile à résoudre. 
Le type primitif absolu, chez une Dicoty- 
lédone Apocarpique Hétéroxylée  pré- 
senterait la structure suivante: 

1° Un prosenchyme constitué de tra- 
chéides analogues à celles des Schizan- 
dracées. 

2° Des vaisseaux de section polygonale, 
de petit calibre, isolés au milieu des fibres 
(ces particularités se rencontrent plus 
ou moins marquées, chez les Schizan- 
dracées, les Euptéléacées, les Cercidi- 
phyllacées, les Eupomatiacées et les 

>aconiacées ). 

3° Des perforations scalariformes à très 
nombreux barreaux, analogues à celles des 
Eupomatiacées, Illiciacées et Euptéléacées. 

4° Les faces latérales vaisseaux 
munies de ponctuations aréolées du type 
scalariforme, disposition fréquente chez 


des 
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les Magnoliacées, qui se retrouve aussi 
chez les Eupomatiacées, puis les Schizan- 
dracées, les Illiciacées et les Cercidiphyl- 
lacées. f 
5° La structure nodale multilacunaire, 
type signalé principalement chez la :plu- 
part des Magnoliacées et chez l’Eupomatıa. 

On pourrait y joindre la présence, dans 
les divers parenchymes, d’éléments sclér- 
enchymateux à paroi incrustée de cris- 
taux d’oxalate de calcium, semblables a 
ceux que nous avons décrits chez les 
Schizandracées. 

Ce type idéal de structure ancestrale ne 
se voit chez aucune Dicotylédone Hétéro- 
xylée. Dans cet immense groupe, on ne 
connait, jusqu'à présent, pas un seul 
genre, ni une seule espèce remplissant à 
la fois toutes les conditions que nous 
venons d’énumérer; une telle réunion de 
formes primitives semble encore inexis- 
tante dans la même plante. Mais, par 
contre, nous pouvons affirmer que la 
morphologie interne de ces 7 Familles 
d’Apocarpiques, révèle un ensemble de 
particularités archaïques fondamentales 
auxquelles se joignent quelques carac- 
tères évolués ou semi-évolués, variables 
suivant les Familles. 

Avant de tenter un essai de filiation de 
ces quelques Familles, il semblerait utile 
de chercher à établir un parallèle entre les 
données de l’histologie et celles de la 
morphologie externe.  Examinant les 
particularités de la fleur, du fruit et de la 
graine sur lesquelles Hallier (1912) et 
Hutchinson (1926) basent le critérium 
phylogénétique, nous grouperons dans 
une liste aussi complète que possible les 
principaux caractères primitifs de chacune 
de ces Familles et nous les opposerons aux 
caractères évolués. 

MAGNOLIACEES — Caractères primitifs: 

1° Le port arborescent à feuilles isolées 
et simples. 

2° Les grandes fleurs hermaphrodites, 
solitaires et terminales. 

3° La spathe d’Eichler. 

4° Le réceptacle floral cylindro-conique 
souvent prolongé en une longue colonne 
qui porte les carpelles. 

5° La disposition spiralée des consti- 
tuants de l’androcée et du gynécée. 

6° La polystémonie. 

7° La polycarpie. 
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8° Les étamines en forme de larges 
bandes souvent prolongées au-dessus des 
anthéres. 

9° Le fruit multiple, 
folliculaire. 

10° L’embryon minuscule dans un albu- 
men abondant. 

On pourrait y joindre les graines assez 
volumineuses du Magnolia, pourvues d’un 
triple tégument, le plus externe charnu, 
lintermédiaire coriace et rigide. 

Caractères évolués: 

1° Pièces du périanthe en nombre défini, 
ordinairement disposées en verticilles. 

2° Anthères le plus souvent introrses. 

3° Carpelles fréquemment bi-ovulés. 

Nous venons d'exposer les caractères 
que l’on observe dans la majorité des 
espèces de la Famille des Magnoliacées. 
Il y a lieu cependant d’ajouter certaines 
particularités sur lesquelles Ozenda (1949) 
a attiré l’attention: 

Les fleurs sont axillaires dans les genres 
Elmerillia et Michelia; puis le Kmeria se 
distingue par la diclinie (caractères 
dérivés ). 

Le genre Aramodendron fait exception 
par son périanthe constitué au moins de 
18 pièces, type archaïque, et par ses 
carpelles murs charnus, indéhiscents et 
concrescents, type évolué. 

Le nombre des carpelles se réduit à 
2-3 chez le Pachylarnax. 

Chacun des carpelles du Manglietia 
renferme une dizaine d’ovules; la cavité 
ovarienne de quelques espèces de Michelia 
en contient 5 ou 6. A ce point de vue, 
ces deux genres se montrent plus primitifs 
que les autres Magnoliacées où le nombre 
d’ovules est de 2. 

D'autre part, la soudure des stipules au 
pétiole, caractère primitif, se fait remar- 
quer chez diverses espèces de Magnolia, 
chez le Talauma et le Kmeria. Aüïlleurs, 
les stipules sont libres ou soudées seule- 
ment par leur base, caractère dérivé. 
SCHIZANDRACÉES — Caractères primitifs: 

1° Les feuilles isolées, simples et en- 
tières. 

2° Le réceptacle floral proéminent, le 
plus souvent ovoïde ou globuleux. 

3° La disposition spiralée des pièces du 
périanthe, des étamines et des carpelles. 

4° Aucune délimitation nette entre les 
sépales et les pétales. 


ordinairement — 
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5° La polystémonie. 

6° Etamines a filet court, ce dernier 
offrant, chez plusieurs espèces, l'aspect 
d’une large écaille charnue, triangulaire. 

7° La polycarpie. 

8° Le fruit multiple, dont l’axe se déve- 
loppe, dans le genre Schizandra, en une 
longue colonne cylindrique. 

9° Les graines à embryon minuscule 
avec un volumineux albumen. 

Caractères évolués: 

1° Le port lianoide. 

2° Les fleurs axillaires. 

3° La diclinie. 

4° Les carpelles bi-ovulés. 

5° Le péricarpe charnu. 

ILLICIACÉES — Caractères primitifs: 

1° Port arbustif à feuilles isolées, coria- 
ces, simples et entières. 

2° Réceptacle floral convexe. 

3° Disposition spiralée des pièces du 
périanthe, ainsi que des constituants de 
l’androcée et du gynécée. 

4° Absence de délimitation nette entre 
les sépales et les pétales. 

5° Etamines à filet court, épais, parfois 
obovale ou claviforme. 

6° Style court; papilles stigmatiques 
insérées sur les 2 lèvres de la ligne de 
suture carpellaire. 

7° Fruit folliculaire. 

8° Graines à tégument dur, luisant et 
à grand hile. 

9° Embryon minuscule avec un volu- 
mineux albumen. 

Caractères évolués: 

1° Fleurs axillaires 
espèces. 

2° Les anthères introrses. 

3° Les carpelles en nombre parfois 
limité dans quelques espèces. 

4° Un seul ovule dans la cavité ovari- 
enne de chaque carpelle. 

5° La disposition des 
apparence verticillée. 
EUPTÉLÉACÉES — Caractères primitifs: 

1° Les feuilles isolées. 

2° La disposition spiralée des étamines 
et des carpelles. 

3° La polystémonie. 

4° Les anthéres à connectif apiculé. 

5° La polycarpie. 

6° Les carpelles sans style, à suture 
latérale pourvue de papilles stigmati- 
ques. 


chez certaines 


carpelles, en 
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7° Les graines à embryon minime 
entouré d’un volumineux albumen. 

Caractères évolués: 

1° La dioécie. 

2° L'absence de périanthe. 

3° Les carpelles uni-ovulés ou ne ren- 
fermant qu’un petit nombre d’ovules. 

CERCIDIPHYLLACÉES—Caractères primi- 
tifs: 

1° La polystémonie. 

2° Les anthères apiculées. 

3° Le grand nombre d’ovules. 

4° Le fruit folliculaire. 

5° Les graines a petit embryon dans 
un volumineux albumen. 

Caractères évolués: 

1° Les feuilles opposées. 

2° La dioécie. 

3° L’apétalie et 
taire. 

4° Le groupement des étamines en 
faisceaux. 

Néanmoins, ces faisceaux d’étamines, 
situés chacun à l’aisselle d’une bractée, 
conservent une certaine primitivité par 
leur disposition suivant le trajet d’une 
spirale. D'autre part, il y aurait lieu 
d'ajouter à cette dernière liste le très 
long style lequel surmonte l'ovaire, dont 
Swamy & Bailey (1949) donnent une 
description détaillée; mais à ce caractère 
évolué vient s'opposer l'insertion des pa- 
pilles stigmatiques sur toute la longueur 
de la ligne de suture stylaire, conforma- 
tion qui nous semble révéler un état d’ar- 
chaïsme encore assez marqué. 

PAEONIACÉES — Caractères primitifs: 

1° Les grandes fleurs solitaires et ter- 
minales. 

2° La présence de bractées spiralées 
au-dessous des fleurs et l'absence de 
démarcation nette entre les sépales, les 
bractées et les véritables feuilles. 

3° Le type parfois acyclique de la 
fleur. 

4° La polystémonie. 

5° Les carpelles multiovulés. 

6° Les grands fruits folliculaires. 

7° Les graines volumineuses à tégu- 
ment luisant et a large hile. 

8° L’embryon minuscule entouré d’un 
albumen considérable. 

Caractères évolués: 

1° Le limbe foliaire 
divisé, 


le calice rudimen- 


profondément 
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2° Le réceptacle floral concave et la 
périgynie. 

3° Les anthères introrses. 

En tenant compte à la fois de la struc- 
ture du bois et de la morphologie externe, 
nous serons d’accord avec les phylogénistes 


qui font de la Famille des Magnoliacées la : 


souche originelle des Apocarpiques Hétéro- 
xylées. On pourra objecter que le pro- 
senchyme se compose exclusivement de 
fibres-trachéides, forme semi-évoluée ; mais 
par contre, nous attirerons l'attention sur 
les particularités suivantes: La persist- 
ance du type scalariforme des vaisseaux 
du bois, la prédominance du noeud foliaire 
multilacunaire, la spathe d’Eichler, le 
long réceptacle floral proéminent, la grande 
fleur isolée terminale si caractéristique 
chez le Magnolia, ainsi que la volumineuse 
fructification strobiliforme. Tels sont les 
principaux arguments que nous invoquons 
pour justifier la position des Magnoliacées 
à la base de l’arbre généalogique. Tout à 
côté de cette Famille, nous introduirons 
les Eupomatiacées qui représentent un 
type aberrant. Au-dessus du genre Eupo- 
matia, viendra se placer le genre Himan- 
tandra, type encore aberrant, mais qui 
s'élève au-dessus du précédent par une 
majorité de caractères structuraux semi- 
évolués. Néanmoins, dans notre tableau 
de filiation, nous maintiendrons les Himan- 
tandracées à un niveau très inférieur, en 
raison de la fleur qui réalise presque le 
maximum de primitivité. 

Des Magnoliacées dériveraient les Schi- 
zandracées, les Illiciacées, les Paeoniacées, 
les Euptéléacées et les Cercidiphyllacées. 
Il est bien difficile de dresser un tableau 
de filiation de ces quelques Familles en 
se basant uniquement sur les particularités 
structurales du xylème. La présence 
exclusive de tracheides vraies à face 
interne lisse d’une part, le grand nombre 
de barreaux des perforations scalariformes 
des vaisseaux d’autre part, caractères 
d'une grande valeur phylogénique, ne 
coexistent que chez les Illiciacées et les 
Cercidiphyllacées ( Figs. 16, 17). Chez 
les Schizandracées, la perforation scalari- 
forme des vaisseaux est plus réduite. Chez 


N.B.— Nous ne mentionnerons pas, dans 
ce chapitre, les caractéres floraux des Eupoma- 
tiacées déjà exposés précédemment. 


les Euptéléacées, le prosenchyme ne ren- 
ferme que des fibres-trachéides. Chez 
les Paeoniacées, les trachéides réalisent un 
degré de perfectionnement soit par leur 
paroi pourvue de perforations simples, 
soit par la striation de leur face interne. 

Si nous envisageons uniquement la 
structure nodale, nous placerons d’abord 
les Paeoniacées à noeud foliaire penta ou 
trilacunaire, ensuite les Cercidiphyllacées 
à noeud trilacunaire, puis les Schizan- 
dracées, les Illiciacées et les Euptéléacées 
a noeud unilacunaire. 

Si nous joignons les données de la 
morphologie externe à ces particularités 
structurales, nous ferons dériver les Schi- 
zandracées directement des Magnoliacées, 
malgré leur port lianoïde, la diclinie et le 
péricarpe charnu. Cette Famille reste 
encore très primitive par la fleur acyclique, 
la polystémonie et la polycarpie, la pro- 
éminence du réceptacle floral, puis la 
longue fructification strobiliforme du 
Schizandra. On pourrait y joindre la 
présence, dans la zone corticale et le liber 
secondaire, de ces éléments sclérenchy- 
mateux à paroi incrustée de cristaux 
d’oxalate de calcium, si rares chez les 
Angiospermes. 

Les Magnoliacées donneraient naissance, 
d'autre part, aux Paeoniacées, à grandes 
fleurs solitaires et terminales, à androcée 
polystémone; les vaisseaux ligneux y 
conservent la perforation scalariforme. 
Cependant le port souvent herbacé, le 
limbe foliaire profondément divisé, puis 
la périgynie nous amènent à les écarter 
dans notre tableau, des quelques autres 
Familles les plus proches des Magnoliacées. 

Des Schizandracées deriveraient les 
Illiciacées, encore acycliques, mais dont 
les carpelles quoique disposés en spirale, 
semblent évoluer vers le type verticillé. 
Au point de vue histologique, ces deux 
Familles se ressemblent par le prosen- 
chyme constitué exclusivement de tra- 
chéides. 

Au-dessus des Illiciacées, nous placons 
les Euptéléacées chez lesquelles on re- 
marque encore la polystémonie, la poly- 
carpie, ainsi que la disposition spiralée 
des constituants de l’androcée et du 
gynécée. Cette Famille se rapproche 
aussi des Illiciacées par les perforations 
scalariformes à nombreux barreaux; par 
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contre, l’absence de périanthe et la dioecie 
lui font atteindre un niveau plus élevé. 

Aux Euptéléacées font suite les Cercidi- 
phyllacées, encore dioïques, à périanthe 
rudimentaire, mais à feuilles opposées; 
nous rappelons ici le groupement des 
étamines en faisceaux, disposition fort 
bien mise en évidence par Swamy & 
Bailey (1949). Cependant la morpho- 
logie du fruit et de la graine d’une part, 
Vhistologie du bois d’autre part, main- 
tiennent cette Famille parmi les Apo- 
carpiques archaiques. 

De l’autre côté, au-dessus des Paeo- 
niacées, nous introduirons les Calycan- 
thacées. Malgré le type acyclique trés 
prononcé de la fleur du Calycanthus et la 
présence de trachéides aréolées a ouver- 
tures circulaires dans le xyléme de ce 
genre, cette Famille réalise cependant un 
certain degré de perfectionnement par les 
graines exalbuminées, les feuilles op- 
posées, les vaisseaux ligneux à perfora- 
tions toujours simples et le prosenchyme 
constitué surtout de fibres libriformes. 

Enfin des Paeoniacées dérivent d’autre 
part les Crossosomatacées, mais ces der- 
nières occupent un niveau bien plus 
élevé. 

Nous avons dressé un petit tableau 
phylogénique (Fig. 18) surtout pour 
essayer de montrer la filiation des Apo- 
carpiques les plus archaïques. Ce tableau 
paraîtra insuffisant, car nous n'avons pas 
pu étudier jusqu’à présent la nature des 
fibres de certaines Familles primitives 
telles que les Dégénériacées et les Dillé- 
niacées qui devraient certainement y 
prendre place. On sera sans doute surpris 
que nous n’y introduisions pas les Moni- 
miacées, lesquelles ont fait l’objet d’un 
de nos récents travaux (Lemesle & 
Pichard, 1954 ) ; mais en raison de l’hétéro- 
généité considérable de cette Famille, de 
l'extrême variation des caractères floraux 
et structuraux suivant les genres, il est 
très difficile de fixer sa position dans un 
arbre généalogique. 

Avant de terminer, nous envisagerons 
l'origine des Magnoliacées, souche des 
Apocarpiques Hétéroxylées. A notre avis, 
elles dérivent des Dicotylédones Homo- 
xylées ( Drimytacées, Trochodendracées, 
Tétracentracées ). Nous rappelons que 
le bois secondaire de ces 3 Familles se 
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CROSSOSOMATACÉES 


LARDIZABALACÉES 


SARGENTADOXACÉES 


CALYCANTHACÉES 


CERCIDIPHYLLACÉES 


EUPTÉLÉACÉES 
PAEONIACÉES 


ILLICIACÉES 
HIMANTANDRACÉES 
SCHIZANDRACÉES 


MAGNOLIACÉES ——- supomariacées 
18 


F1G. 18— Tableau phylogénique proposé 
pour les principales Familles d’Apocarpiques 
étudiées dans le présent travail. 


de trachéides à ponctuations 
lesquelles présentent 2 types 


compose 
aréolées, 
distincts: 
1° Les ponctuations circulaires ou légè- 
rement elliptiques, avec ouvertures en 
forme de boutonnières obliques, ordinaire- 
ment croisées en X (type cycadéen ). 

2° Les ponctuations fortement étirées 
horizontalement de façon à réaliser dans 
leur ensemble le type scalariforme. 

Il nous semble utile de reproduire ici 
(Figs. 19, 20), schématiquement, les 
excellentes figures de Gupta ( 1934). 

Nous avons déja mentionné que les 
trachéides des Dicotylédones Homoxylées 
présentent de grandes analogies avec celles 
des Bennettitales étudiées par Lignier 
( 1900-1901 ) et par Wieland (1916). La 
Fig. 21 permet de voir cette curieuse 
association de trachéides découvertes par 
Lignier (1900-1901) chez le Cycadeoidea 
micromyela Mor. 


42 PHYTOMORPHOLOGY [ March 


Une telle analogie nous améne 4 par- Homoxylees des Bennettitales. Toutefois 
tager l'opinion de Bailey & Thomp- comme le faisaient remarquer Beauverie 
son (1918) qui faisaient descendre les & Durand (1930), les Cycadeoidea et 
genres voisins étant encore tres differ- 
ents des Angiospermes, on peut supp- 
oser qu'il y a eu des Proangiospermes 
intermediaires. 

Les Dicotyledones Homoxylées auraient 
ensuite donné naissance aux Hétéroxylées 
Apocarpiques les plus archaïques en leur 
transmettant directement leurs trachéides 
à ponctuations aréolées du type cycadéen. 
Les aréoles de ces trachéides auraient 
conservé leurs caractères primitifs dans 
certaines Familles ( Schizandracees, Illi- 
ciacées, Cercidiphyllacées, et d’autres d’un 
niveau plus élevé telles que les Canella- 
cées ). Ces trachéides ont acquis ensuite 
un degré de perfectionnement par l’appari- 
tion de perforations simples provenant de 
la coalescence d’aréoles voisines, puis 
par la striation spiralée ou spiralo-réti- 
culée de leur face interne. 

Mais ces mêmes trachéides à ouvertures 
circulaires ou elliptiques, à fentes obliques 
et croisées, ont pu aussi, chez certaines 
Familles d’Heteroxylees, évoluer rapide- 
ment en fibres-trachéides; c’est ce que 
nous constatons chez diverses Apocar- 
piques qui occupent un rang très inférieur 
dans l'échelle des Dicotylédones ( Magno- 
liacées, Eupomatiacées, Euptéléacées, etc.). 

D'autre part, les trachéides à ponctua- 
tions aréolées scalariformes des Homo- 
xylées auraient évolué, chez les Hétéro- 
xylées primitives, en vaisseaux conduc- 
teurs a perforations scalariformes et a ~ 
ponctuations du même type des faces 
latérales de leurs parois, comme on le 
voit nettement chez les Magnoliacées, les 
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Fics. 19-21— Fig. 19. Schématique. Tvocho- 
dendron avalioides Sieb. & Zucc. Trachéides A 
ponctuations aréolées, vues en coupe longitudi- 
nale (les ponctuations de la trachéide située à 
= gauche réalisent le type cycadéen; au milieu 
= et à droite, type scalariforme ). Fig. 20. Sché- 
& matique. Tetracentron sinense Oliver. Trachéides 
& a ponctuations aréolées, vues en coupe longi- 
=>) tudinale (en 4, les ponctuations se rapprochent 
= N A pprochen 
= du type cycadeen, surtout a gauche; en B, elles 
réalisent, pour la plupart, le type scalariforme ). 
Fig. 21. Schématique. Cycadeoidea micromyela 
Mor. Trachéides à ponctuations aréolées vues 
B en coupe longitudinale (en A, les ponctuations 
7 aréolées réalisent, pour la plupart, le type cyca- 
déen; en B, surtout a droite, type scalariforme, 


1955] 


Schizandracées, les Illiciacées, les Cercidi- 
phyllacées. Précédemment, Jeffrey & 
Cole (1916) mettaient en évidence une 
analogie entre les fibres aréolées du Drimys 
et les vaisseaux des Magnolias. 

Notre matériel de travail provient de 
l’Herbier du Museum de Paris: les échan- 
tillons sont dus à l’amabilité de M le 
Professeur Humbert, Membre de |’ Ins- 
titut, à qui nous exprimons notre vive 
reconnaisance, 


Résumé 


Certains auteurs, en décrivant la struc- 
ture du bois secondaire, chez les Dicoty- 
lédones, avaient employé un peu indis- 
tinctement les termes de “ trachéides ” 
et de “ fibres-trachéides ”. D’autres men- 
tionnaient la présence de “fibres à 
ponctuations aréolées’”’ sans en préciser 
la nature exacte. Ce sujet impliquait de 
nouvelles recherches; c’est pourquoi nous 
nous sommes adonné ades études sur 
Vhistologie du xyléme de diverses Familles 
classées pour la plupart dans le vaste 
groupe des Apocarpiques. Notre but a 
été de décrire surtout la nature des 
ponctuations des éléments fibreux, puis 
aussi la forme des ponctuations des parois 
latérales des vaisseaux ainsi que le type 
de leurs perforations. 

Dans un premier article, nous nous 
sommes occupé des principales Familles 
qui appartiennent à l’ordre des Magno- 
liales Hétéroxylées (Magnoliacées, Schizan- 
dracées, Illiciacées, Euptéléacées, Cercidi- 
phyllacées ). Nous y avons joint l'étude 
de quelques Rubiacées à bois secondaire 
en apparence homogène, afin de comparer 
leur structure à celle du xylème des 
Magnoliales Homoxylées ( Drimytacées, 
Trochodendracées, Tétracentracées ). 

Dans un second article, nous nous 
adonnons à l’examen de certains genres 
lesquels ont fait l’objet de vicissitudes 
systématiques et constituent désormais 
les représentants de Familles distinctes 
(Gomortega, Eupomatia, Himantandra, 
Sargentadoxa, Hydrastis, Crossosoma, 
Lactoris ). Nous nous sommes intéressé en 
méme temps a d’autres Familles plus vastes 
et mieux connues, mais dont le classement 
a subi des variations: Lardizabalacées, 
Calycanthacées, Paconiacées, Canellacées. 
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D'après les particularités histologiques 
des éléments fibreux, nous nous proposons 
de résumer ainsi les principaux modes de 
constitution du prosenchyme observés 
par nous dans ces diverses Familles: 

1° La présence exclusive de trachéides 
vraies à face interne lisse ( Schizandracées, 
Illiciacées, Cercidiphyllacées, Canellacées ). 

2° Dans un second groupe, le prosen- 
chyme se compose encore uniquement de 
trachéides, mais un degré de perfectionne- 
ment se trouve souvent réalisé soit par 
les perforations des parois, soit par la 
striation de leur face interne, ou méme 
la coexistence de ces 2 particularités 
(Sargentadoxacées, Lardizabalacées, Paeo- 
niacées ). 

3° L'association de trachéides et de 
fibres-trachéides ( Gomortégacées, les Ip- 
écas à bois secondaire en apparence 
homogène ). 

4° La présence exclusive de fibres-tra- 
cheides ( Magnoliacées, Eupomatiacées, 
Himantandracées, Euptéléacées, Crosso- 
somatacées ). 

5° La coexistence de trachéides et de 
fibres libriformes ( Calycanthacées ). 

6° La présence exclusive de fibres libri- 
formes ( Hydrastis, Lactoris ). 

Mettant en évidence le degré plus ou 
moins marqué d’archaisme révélé par 
l'histologie des fibres et des vaisseaux du 
bois, ainsi que par la structure nodale, 
nous cherchons à établir, pour chaque 
Famille, des corrélations avec les carac- 
tères de la fleur, du fruit et de la graine, 
d’après les principes de la phylogénie. 
En nous basant ainsi sur l’ensemble des 
données de la morphologie externe et in- 
terne, les Familles qui nous semblent 
offrir le maximum de primitivité sont 
les suivantes: Magnoliacées, Eupoma- 
tiacées, Himantandracées, Schizandracées, 
Cercidiphyllacées, Illiciacées, Euptéléacé- 
es, Paeoniacées. 

Nous dressons un petit tableau phylo- 
génique dans le but de montrer la filiation 
de ces Apocarpiques les plus archaïques. 
En considérant à la fois la fleur, le fruit 
ainsi que les particularités structurales, 
nous arrivons à partager l'opinion des 
auteurs qui font de la Famille des Magno- 
liacées la souche originelle: des Dicoty- 
lédones Hétéroxylées. A côté, nous in- 
troduisons les Eupomatiacées lesquelles 
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représentent un type aberrant; immé- 
diatement au dessus de ces dernières, 
nous plaçons le genre Himantandra, type 
encore aberrant, qui se distingue toute- 
fois par quelques caractéres structuraux 
semiévolués. Des Magnoliacées dérive- 
raient d’abord les Schizandracées, puis 
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successivement les Illiciacées, les Euptéléa- 
cées et les Cercidiphyllacées. Les Magno- 
liacées donnent naissance, d’autre part, 
aux Paeoniacées, au-dessus desquelles se 
placent les Calycanthacées; viennent en- 
suite les Crossosomatacées, mais à un 
niveau sensiblement plus elevé. 
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A PLEA FOR A SIMPLER GYNOECIUM 


JOHN PARKIN 
Blaithwaite, Wigton, Cumberland, England 


The female part of the bisexual flower, 
perhaps owing to its situation at the apex 
of the reproductive shoot, has undergone 
more alteration, compression and reduc- 
tion during its evolution than other parts 
of the flower, hence this has led to a 
multiplicity of explanations as regards 
its various transformations. To mention 
a few points, controversy has centred 
around such developments as the inferior 
ovary and commissural stigma, the num- 
ber of carpels present when these are no 
longer free but joined together and the 
occurrence of a terminal carpel or ovule. 
To this may be added the part played by 
the receptacle in the make-up of the 
female part of the flower when the carpels 
are intimately fused together. 

Is it not time that we attempted to 
simplify our views on the morphology of 
this part of the flower? This is, of course, 
only possible if we accept the classical 
view of the carpel as a laterally borne 
phyllome structure. 

If, on the other hand, we hold that 
the carpel or its equivalent antedated in 
the evolutionary sense the division of 
the plant shoot into the two categories of 
leaf and stem as the ‘New Morpho- 
logists’ have attempted to teach us, 
then what might be considered a sim- 
plified rational view is out of the question. 
Likewise the idea of acarpy would seem 
to lead us nowhere in our understanding 
of the phylogeny of the flower. Such an 
attitude may rejoice the hearts of those 
who despise phylogeny and who seem 
inclined to hark back to the formal 
morphology of pre-Darwinian days. This 
surely is tantamount to the denial of the 
evolutionary theory itself ! 


Terminology 


Surely it does not work for simplicity 
or be helpful to botanical students to have 
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more than one form of spelling for a 
technical term and also different names 
for the same organ. So at the outset 
criticism is brought to bear on some promi- 
nent instances of these. 

GYNOECIUM — At the present time the 
renderings gynoecium and gynaeceum seem 
to be still used indiscriminately by 
botanists, and further such hybrid spel- 
lings as gynoeceum and gynaecium occa- 
sionally turn up; and this in spite of an 
erudite and well-thought-out paper by 
Church (1919) published a quarter of 
a century ago. I am greatly indebted 
to Miss Lorna Scott for drawing my 
attention to this important paper which 
should, it seems to me, have settled the 
spelling of this term for good as far as 
English-speaking botanists are concerned. 
Perhaps the publication of this paper in 
one of the less important British botanical 
journals may have had some bearing on 
its not having the attention it deserved. 

While brooding over this matter I 
questioned Dr. Agnes Arber as to the 
correct spelling of this term. She, in her 
many morphological papers, has invari- 
ably used gynaeceum. She replied to the 
effect that she consulted at the time her 
brother, then Regius Professor of Greek 
at Cambridge. He favoured gynaeceum 
as the correct rendering. Church, how- 
ever, delving more deeply into the matter 
shows that this does not follow from the 
way Roeper (1826) derived from the 
Greek the terms he then introduced ( more 
than a century ago) for the male and 
female parts of the flower respectively. 
To be technically perfect Church says 
that Roeper should have written gynaec- 
oeceum which on telescoping becomes 
gynoeceum. Church then argues that the 
ending -eum is out of keeping with bota- 
nical terminology generally instancing 
archegonium, archesporium, sporangium, 
etc., and so decides on gynoecium as the 
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term to be adopted by English-speaking 
botanists, Further it harmonizes with 
the term used generally at the present 
time for the male part of the flower, viz. 
androecium. 

At any rate it is high time that bota- 
nists, particularly those writing in English 
should be agreed on one rendering only 
for the female part of the flower in the 
aggregate. 

A minor point — strictly speaking the 
two adjacent vowels o and e or a and e 
should be rendered as diphthongs. This 
at the present time seems often ignored. 
It is a matter presumably at the dis- 
cretion of publishers. However, bota- 
nists might come to an agreement to 
dispense with the diphthong altogether for 
the sake of ease in typing and printing. 

PISTIL — Some confusion in the past 
has gathered around this time-hallowed 
word, but there need be none now pro- 
vided we use pistil and gynoecium as 
equivalent terms for the whole of the 
female part of the flower composed of 
carpels whether they be free from one 
another or joined together. 

However, a brief survey of the use of 
the term pistil in the past as well as its 
derivation may be of interest, though 
let it be clear that I do not attempt to 
write on the topic at all authoritatively 
or exhaustively. The term is derived 
apparently from the Latin pistillum from 
which we get our word pestle associated 
with the mortar of culinary and other 
uses. Pistil would seem to have been 
applied botanically first to the pestle-like 
spadix of araceous plants — the common 
arum (Arum maculatum) for instance — 
and then came to be used to designate 
the central organ of the flower composed 
of ovary, style and stigma, owing pre- 
sumably to its likeness to a pestle. 

This was during pre-evolutionary times 
when the dicotyledonous flower was 
viewed formally as consisting of five 
pentamerous whorls, the innermost being 
the five-valved ovary with its style and 
stigma—the pistil in fact. A considerable 
number of dicotyledonous bisexual flowers 
could be fitted into such a scheme, but ones 
in which the female elements were dis- 
cretely arranged, as for example those of 
the Ranunculaceae, were a difficulty. In 


these cases this part of the flower was 
considered to consist of an aggregate of 
simple pistils, the whole being designated 
a compound pistil. At the same time the 
simple term pistil was often applied to 
what we would now call a syncarpous 
gynoecium. Hence a botanical student 
was apt to be puzzled as to what really 
constituted a pistil. 

Lawrence (1951) in his recent com- 
prehensive text-book on the ‘ Taxonomy 
of Vascular Plants’ surprisingly upholds 
the use of pistil as a descriptive term — 
not necessarily the equivalent of gynoe- 
cium. In a footnote (p. 72) he writes: 
“ There is no unanimity of opinion con- 
cerning the definition of the term pistil. 
Some taxonomists and many morpho- 
logists consider the term a source of 
confusion and abandon it.” I agree, but 
not so Lawrence. He considers it useful 
as a gross structure represented by a 
single ovary with its style (or styles) 
and stigma (or stigmas) irrespective of 
the number of carpels composing it. So 
in the systematic part of the book dealing 
seriatim with the angiospermous families 
the description of the female part of the 
flower of syncarpous families ( the majo- 
rity ) begins as a rule with ‘ Pistil’ and 
proceeds into details. 


Furthermore, Lawrence in his Ap- 
pendix II— ‘Glossary of Taxonomic 
Terms ’— writes: “As a guide to the 


beginning student, certain terms believed 
essential to a minimum working voca- 
bulary are preceded by an asterisk’’. 
Pistil is starred but not carpel ! 

Surely this emphasis on the term pistil 
is prolonging the confusion that has so 
long enveloped the word. Why use a 
botanical term with a double meaning 
as it were? 

Apparently it was Roeper ( 1826, 1828 ) 
who early last century introduced the 
terms androeceum and gynoeceum for 
the male and female parts of the flower 
respectively. His treatises though writ- 
ten in Latin were published in German- 
speaking countries and this may account 
for gynoeceum being more, if not generally 
used by German botanists; whereas pistil 
was and is to some extent more commonly 
employed by English and French writers. 
For example, Van Tieghem in his ‘ Traité 
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de Botanique’ uses pistil throughout 
his description of angiospermous families, 
whereas Engler & Prantl in Pflanzen- 
familien employ gynoeceum, written often 
in the German form gynöceum. 

Surely the time has arrived for .the 
sake of simplicity that the term pistil 
should be relinquished and gynoecium 
generally adopted; and further instead 
of using pistillate for the female flowers 
and inflorescences of unisexual plants the 
term carpellate should be substituted. 
This has already been adopted by Schaff- 
ner (1937). Carpellate compares better 
with staminate for the male flowers. 

THE FLORAL Axis— Three distinct 
terms for the floral axis have and are being 
used, viz. thalamus, torus and receptacle. 
The first mentioned appears now to be 
little used, though I notice its appearance 
recently in a paper by an Indian botanist 
(G. Rao, 1952). Receptacle would seem 
to be the term more generally favoured 
at the present time. 

It might be as well for botanists to be 
agreed upon one or the other for general 
use. Receptacle may be said to be more 
expressive as it receives the floral members 
though in reality emits them. It can be 
confused with the use of the word for the 
axis of the capitulum — the inflorescence 
of the Compositae. 

Rickett (1954) has recently discussed 
the terms used for the floral axis giving 
the derivatives of torus and thalamus, 
and judging from these, receptacle cer- 
tainly appears to be the best term. 


New Terms of Recent Origin 


Botanists are apt to be twitted by the 
lay person as following a science with an 
inordinate amount of jargon. Technical 
terms are absolutely necessary for any 
science, but they should, if possible, be 
kept to a minimum. The morphology 
of the gynoecium has in recent years been 
threatened by additional terms, and the 
question arises are they necessary ? 

CARPEL POLYMORPHISM — Some years 
ago through the ingenuity and persistence 
of a lately deceased botanist, Edith 
Saunders, it looked as if the morphology 
of the gynoecium would have to be com- 
plicated by drawing a distinction between 
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two kinds of carpels which she named 
solid and valve, the whole being embraced 
in the high-sounding title of Carpel Poly- 
morphism. This conception arose from 
laying too much stress on vascular cords 
apart from general carpel morphology. 
She made few converts at the time and 
none since, so we may consider this 
conception false and that carpel poly- 
morphism is now merely a matter of 
minor botanical history. 

These remarks are made not in the 
least to disparage her contribution to the 
vascular anatomy of the gynoecium as a 
whole. Her theory, false though it be, 
acted no doubt as a spur and led her to 
work out the vascular structure of a great 
number of gynoecia which she eventually 
embodied in book form ( Saunders, 1937, 
1939): 

Puri (1951) has summed up carpel 
polymorphism succinctly and very fairly 
as follows ( p. 511): “ While not agreeing 
with her interpretation we have to admit 
that her observations on vascular ana- 
tomy, which are very extensive and cover 
numerous families, are fairly reliable, and 
we can certainly take advantage of 
them.” 

It may be as well to add that Saunders 
was led to her theory of carpel poly- 
morphism by reviving an old view that 
the cruciferous gynoecium consists of 
four instead of two fused carpels. This 
is a matter that has been much debated, 
but the consensus of opinion at the 
present time is that the two-carpellary in- 
terpretation still stands and that some- 
thing more convincing will have to be 
brought forward to overthrow it. 

Also to be fair it should be pointed out 
that when carpel polymorphism was still 
to the fore, Jean Dickson (1935) in her 
study of the floral anatomy of the Papa- 
veraceae came to the conclusion that 
certain genera including Papaver itself 
had both sterile expanded and constricted 
fertile carpels. Agnes Arber (1938) fol- 
lowing soon after with a paper on Papaver 
and related genera showed that this 
carpellary distinction had no basis in fact 
and that the papaveraceous gynoecium 
could be quite well interpreted on the 
old view of containing only valvular 
fertile carpels. Another instance one may 
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say of overstraining vascular anatomy 
and misinterpreting the nature of vascular 
cords. 

It is true that solid carpels may exist 
but they are vestigial and non-func- 
tional — unlike many of the Saunders’ 
kind which were considered to be ovule- 
bearing. A carpel of a syncarpous gynoe- 
cium may cease to function and instead 
of disappearing completely may persist 
in a compressed state with the loculus 
partially or completely closed. Eckardt 
(1937) investigated many instances of 
these designating them pseudomonomeren 
gynoeceums. 

This conception of aborted carpels is 
a useful one and should be taken into 
account when considering gynoecia which 
apparently seem to consist of a single 
carpel only. 

COENOCARPY AND PARACARPY — Now 
let us turn to Troll’s somewhat revolu- 
tionary classification of placentae. This 
has been before us for nearly a quarter 
of a century and though apparently 
adopted by his school has so far, it seems 
to me, to have made little impression on 
botanists generally, and perhaps some of 
us are glad that it appears to be so! 

We are indebted — at any rate I am — 
to Wilson & Just (1939) for putting 
Troll’s views so clearly and graphically 
before us. Instead of the old term 
syncarpy as the opposite of apocarpy 
Troll introduces the term coenocarpy for 
the former and divides coenocarpous 
gynoecia into two categories — (1) syn- 
carpous — plurilocular with central, that 
is axile, placentation and (2) para- 
carpous — unilocular with parietal, basal 
or free central placentation. 

According to Troll these two kinds of 
placentation are of distinct origin. His 
syncarpy results from free carpels be- 
coming joined together forming a pluri- 
locular ovary surmounted by a style. 
His paracarpy arises through the ovule- 
bearing region being transferred to the 
stylar portion of the gynoecium, which 
therefore presumably becomes inflated 
bearing the ovules in the parietal position. 
During the process the original ovule- 
bearing region shrinks to complete dis- 
appearance. On these grounds he ex- 
plains the lack of style in the Rhoeadales, 
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The style here has become changed into 
the fertile ovule-bearing organ. Most 
ingenious and indeed revolutionary ! 

As the Resedaceae, one of the families 
of the Rhoeadales, seemed very much a 
test case, Agnes Arber (1942) investi- 
gated examples of this family very care- 
fully and found no support for Troll’s view 
regarding the morphology of the gynoe- 
cium. She concludes: — “that the 
sharp distinctions which he [ Troll | draws 
between syncarpous, paracarpous and 
apocarpous types are artificial and can- 
not be maintained. These different forms 
constitute a graded series, and transitions 
between them can be found even within 
individual gynaecea. ” 

It is consequently difficult to believe 
that in several instances the style has 
become inflated to function as a new 
ovule-bearing structure in place of the 
original ovary. No doubt it is a clever 
way of accounting for the lack of style in 
many of the Rhoeadales — it is really 
there but transformed ! 

The whole idea viewed from the phylo- 
genetic standpoint would seem unaccept- 
able. The style bearing an apical stigma 
one regards as more recent ( later develop- 
ment) than a stigma resting on the top 
of the ovary, i.e. a sessile stigma. This 
is discussed in more detail later. 

Professor Troll is an eminent morpho- 
logist with a voluminous output, so that 
one hesitates to dissent wholly from his 
views on the gynoecium, but one hopes it 
may not in the future be necessary to 
add the terms coenocarpy and paracarpy 
to placentations and that the old fashioned 
types, named axile and parietal, will con- 
tinue to suffice. Otherwise the term 
syncarpy will be apt to have two mean- 
ings —a general one and a partial one 
in Troll’s sense — hence confusion. 

Before passing on, it may be as well 
to point out that Goebel in his ‘ Organo- 
graphy of Plants’ (1905, p. 558) used 
the term paracarpous to designate certain 
forms of parietal placentations but the 
idea did not seem to be taken up. 

PELTATE AND EPELTATE CARPELS — We 
owe these terms also to Troll who, in 
his elaborate paper on the peltate leaf 
( Troll, 1932), showed that the carpel in 
its development often assumes a peltate 
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form analogous to a peltate foliage leaf. 
This is particularly apparent in carpels 
that are stalked (petiolate). The place 
where the stalk ( petiole ) joins the lamina 
is spoken of as the cross zone ( querzone ). 
Carpels which do not reveal a cross zone 
are designated epeltate. ; 

The subsequent investigations by him 
and his school are chiefly concerned with 
apocarpous gynoecia, though Schaeppi 
(1937) from a study of the fused carpels 
of the Primulaceae concludes that the 
gynoecium of this family is made up of 
five peltate carpels. Baum (1952) has 
studied recently the stalked carpels of 
some of the Proteaceae and shows reasons 
for considering that the two forms of 
carpels — peltate and epeltate — do not 
differ in essentials and that all carpels 
have the same ground-plan. He has 
since confirmed this by a study of the 
carpels of Eranthis and Cimicifuga ( Baum, 
19539; 

It ae be too early to attempt to pass 
judgement, but one has a feeling that 
these terms — peltate and epeltate — are 
only of minor importance in carpel 
morphology. 

PHYLLOSPORY AND STACHYOSPORY WITH 
ITS STEGOPHYLLS — These terms have 
recently been used by Lam (1948) in his 
suggested new classification of angio- 
sperms. Professor Eames (1951) has 
dealt drastically with it and has shown 
conclusively (at any rate to my mind) 
that the splitting of the Angiospermae 
into two widely separated groups, the 
Stachyosporae and the Phyllosporae, has 
no basis in fact. Indeed he has well nigh 
brought Lam’s contention to a reductio 
ad absurdum. 

We think then that these terms can be 
dismissed as unnecessary in angiospermous 
morphology. 


Apical (Terminal) Carpels and Ovules 


Surely at the present time there is no 
need to take the position assumed by a 
solitary carpel or ovule as a matter of 
prime morphological importance. If we 
agree that when the gynoecium of 
a flower consists of a single carpel or 
ovule the unitary character has come 
about through extreme reduction, then on 
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a priori grounds when such an organ 
appears to terminate the floral axis this | 
position can be taken as derivative and | 
not as a primary one. On a posteriori — 
grounds there is a considerable body of 
evidence to show that when such organs 
appear in the adult stage as terminal, 
ontogeny reveals them as laterally borne 
in development. Through compression, 
or through the absorption of the apex of 
the floral axis, a terminal position is 
assumed. 

As regards apical carpels the order 
Leguminosae (adopting Hutchinson’s 
classification) is prominent. Here the 
gynoecium consists typically of a single 
carpel, though few will doubt that the | 
ancestors of this great group were multi- | 
carpellary. In fact in the Mimosaceae, 
florally the least evolved of the three | 
families, this actually occurs in a few | 
genera, e.g. Archidendron. Carpels here, | 
when more than one per flower, will | 
naturally be laterally borne on the axis. | 
When reduced to one the pod may seem 
to occupy a terminal position, but this is 
really a derivative and not a primary | 
state. Newman (1936), to take one | 
example, by a histogenetic study of two 
Australian species of Acacia proved that | 
the single legume arises laterally on the 
apical dome and assumes an erect position 
on maturity, absorbing as it were the 
dome. To go back some years Benson & 
Welsford ( 1909 ) showed that the solitary 
ovule of Juglans is not really terminal but 
appendicular in origin. 

Then recently Kasaphigil (1951) in 
his investigation on Umbellularia and 
Laurus points out that the floral apex is. 
not entirely used up in the formation of 
the carpel and remarks that a terminal 
or lateral position of a carpel is a matter 
of minor importance. Moreover he 
concludes that the three types of 
apices — the vegetative, inflorescent and 
floral — are homologous, thus giving no 
support to Gregoire’s idea that they are 
fundamentally different. 

Regarding the so-called terminal ( cau- 
line) ovule, Eames (1951) has recently 
dealt fully with this, and I agree whole- 
heartedly with him that in the angio- 
sperms there is no such thing as a primi- 
tive cauline ovule. Any such apparent 
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position for an ovule is derivative and 
not primitive. It arises through extreme 
reduction in the gynoecium through the 
contents of the ovary being reduced to a 
single basal ovule which may in some 
cases appear to terminate the floral axis. 
But ontogeny and particularly vascular 
anatomy can usually show that the ovule 
is in reality carpel-borne. 


The Stigma and Style 


All functional carpels require a stigma 
but not necessarily a style. The latter 
can perhaps be looked upon usually as an 
evolutionary advancement. Though we 
cannot be perfectly certain as to what 
constitutes a primitive stigma I take my 
stand on the idea that a decurrent stigma 
suggests primitiveness. This type of 
stigma is noticeable in the Magnoliales and 
particularly in some of the Winteraceae. 
Though it is well to point out that it is 
in the unisexual species of Drimys where 
we find decurrent stigmas running along 
the ventral sutures of the carpels whereas 
in the bisexual species the stigma is 
apically situated (Smith, 1943). One 
can only conclude that in the former 
group a primitive condition has been 
preserved along with an advance as 
regards sex-separation, and that in the 
latter group of species the reverse has 
happened. 

Such data that we have suggests that 
originally the ventral suture was stig- 
matic all along the part bearing the ovules, 
and if we imagine a closed carpel was 
preceded by an open one, then the two 
margins of the carpellary leaf bearing 
the ovules would have to be stigmatic, 
thus accounting for the double nature of 
the stigma which is obvious in many 
instances. The evolutionary trend would 
be for the stigmatic part to move as it 
were apically and finally to surmount 
the carpel in a capitate fashion. Even 
here the double nature of the stigma is 
often revealed in its two-lipped character. 
Such a stigma becomes still more elevated 
by the interpolation of a style. This one 
can imagine as taking place either (1) by 
the lengthening out of the apex of the 
carpel by intercalary growth, or (2) by the 
sterilization of the upper part of the ovary 
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with compression. The former idea is 
probably the more likely as a rule though 
both are possible. 

So far attention has been confined to 
apocarpous gynoecia. Let us now turn 
to syncarpy. If in an apocarpous gynoe- 
cium of, say, five stylar carpels the ovule- 
bearing parts become fused together a 
syncarpous gynoecium with five free 
styles will be reached. Nigella and Hy- 
pericum may be cited as examples. When 
these free styles fuse together we still are 
apt to describe such a gynoecium as 
having a single style with an apical stigma. 
Here there seems to be confusion and I 
feel indebted to Wilson & Just (1939) 
for the review of the work by Hanf ( 1935) 
on the style and stigma. This investiga- 
tion suggests the term stylodium for the 
narrow elongated part of the carpel above 
the ovary bearing the stigma on its apex. 
When the stylodia fuse a true style may 
be said to be formed. This may not be 
quite the interpretation that Hanf puts 
on these structures as it is somewhat 
complicated by his adoption of Troll’s 
view on placentations, but there does 
seem to be some reason for the use of the 
term stylodium in distinction from style. 
Thus certain apocarpous gynoecia may 
be said to lack styles but have stylodia, 
e.g. Aquilegia. A syncarpous gynoecium 
may have several style-like structures — 
one per carpel—but these are really 
stylodia. When they fuse together a 
true style is formed. There may be all 
gradations between completely separate 
stylodia and fully fused ones. As an 
alternative, stylar structures could be 
spoken of as simple and compound styles. 
But the introduction of stylode (stylo- 
dium ) for the former and style only for 
the latter might be preferable. 

A syncarpous gynoecium can also be 
conceived as arising from the fusion of 
several free carpels with sessile terminal 
stigmas, i.e. without stylodes. Then it 
could be imagined that such a compound 
stigma could be raised above the ovary 
by the interpolation of a stylar structure, 
The order Rhoeadales is of much interest 
here. For instance, is the short style 
shown by most species of Meconopsts — 
the chief mark of distinction between this 
genus and Papaver a recent acquisition 
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or have the true poppies been attained 
by the suppression of the style? Perhaps 
the whole question as to the origin of the 
sessile stigma in the Rhoeadales is in- 
volved here. Troll, as already pointed 
out, endeavours to explain the sessile 
character of the stigmas in this group as 
having arisen through the stylar part 
becoming ovule-bearing, the original ovary 
having aborted. Reasons have been given 
for the non-acceptance of this ingenious 
and revolutionary idea. 

The double character of the stigma does 
not seem in recent times to have been 
sufficiently stressed. I am indebted to 
Hamshaw Thomas (1934) for focussing 
attention on it and for bringing to light 
past literature bearing on it, even to 
recalling that the astute botanist Robert 
Brown, more than a century ago, was 
fully aware of the double character of the 
stigma. At the same time let it be 
understood that I differ im toto from 
Thomas in his attempt to derive the 
angiospermous carpel from the cayto- 
nialian cupular fruit body by supposing 
that the stigma was originally basally 
situated citing the carpels of some of the 
Magnoliales and Rosaceae in support. 
To me it looks quixotic — an attempt to 
derive a carpel from an ovule. If the 
caytonialian cupule has any bearing on 
angiospermous evolution then it might 
be a help in elucidating the origin of the 
integuments of the ovule. 

That the stigmatic region was originally 
lateral I am quite willing to admit. In 
fact one can visualize the whole or most 
of the ventral suture of the carpel as being 
stigmatic and that the evolutionary ten- 
dency has been for the stigma to advance 
as it were apically and not basally as 
Thomas suggests. What preceded the 
decurrent or lateral stigmas, such as are 
to be found in the Winteraceae, is mere 
guesswork. If an open carpel preceded 
the closed carpel of the angiosperm then 
the pollination of the ovule would be 
more direct, and there may have been 
some connexion between the stigmatic 
papillae and the micropylar drop-mecha- 
nism of the gymnosperm. 

On the view that styles have often been 
formed by the fusion of stylodes it would 
seem that in such cases hollow styles 
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would precede solid ones and that the 
evolution of a transmitting tissue would 
be a further elaboration to help the pollen 
tube to make its way to the ovule — 
particularly when the style has been 
greatly lengthened to serve some highly 
evolved type of pollination. | 

THE COMMISSURAL STIGMA — Consider- 
able controversy has arisen over the so- 
called commissural stigma — the name 
given to that kind of stigma when super- 
posed over the placenta ( ventral suture ) 
instead of over the dorsal suture ( mid- 
rib ) — the usual position for it, one may 
say. Keeping in view the double char- 
acter of the stigma there seems little dif- | 
ficulty in explaining the commissural | 
position. In syncarpous gynoecia with 
parietal placentation it is easy to see how 
a commissural stigma may come about 
by the fusion of the half placentae from 
adjacent carpels. This fusion when conti- 
nued apically will result in a composite 
stigma centred over the placenta. 

Whether all or most commissural 
stigmas can be explained in this way I 
leave to others to decide. Apparently 
the explanation suffices for the Rhoea- — 
dales, particularly for the genus Papaver 
and its close associates. 


The Inferior Ovary and Floral Tubes 


It is obvious that in many cases the 
apparent position of the ovary below the 
other floral parts has come about through 
the adnation of the lower portions of the 
perianth members with the ovary wall. 
But it has long been held that there is 
another distinct form of inferior ovary | 
due to what has been called the invagina- 
tion of the receptacle. One wonders 
whether phylogenetically viewed there 
is really any truth in this latter contention | 
and that on the contrary all forms of 
so-called inferior ovaries could be grouped 
together as variants and enhancements 
of the adnation type. 

On looking through the back Proceed- 
ings of the Linnean Society of London a 
short time ago my attention was arrested 
by a forthright remark made by W. C. 
Worsdell in a discussion on the variation 
in the flower of a Fuchsia. He said, 
“Morphologically the ‘inferior ovary’ 
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has no existence in actual fact ”” ( Wors- 
dell, see Barnes, 1924-1943. Proc. Linn. 
200.155: 76,). I. might take this 


as my text substituting perhaps the 
word ‘phylogenetically’ for ‘ morpho- 
logically ’. 

Let us first turn our attention to in- 
ferior ovaries arising from syncarpous 
gynoecia. Here in the main it must be 
admitted that the so-called inferiority 
has been brought about first by the co- 
hesion ( connation ) of the lower parts of 
the perianth and then by the adnation 
of the tube so formed with the ovary wall 
and that the receptacle as it were plays 
no significant part in bringing about the 
change. 

Turning to the invagination idea, it is 
well at the outset to stress a point which 
has not, it seems, been emphasized in the 
past, viz. that gynoecia attributed to 
this kind of inferiority are largely of the 
apocarpous order. 

Invagination suggests to me that the 
receptacle instead of remaining conical 
has been reversed to form a depression 
as is produced when a finger of a glove is 
pressed down inwards from the apex. 
Is there any real truth in accounting in 
this way for the origin of inferior ovaries 
in apocarpous gynoecia ? 

I am one who regard the part of the 
floral axis (receptacle ) bearing separate 
carpels as primitively conical and that 
the evolutionary tendency has been to 
reduce, flatten out if you like, the length 
of the receptacle, so as to bring the 
essential organs — stamens and carpels — 
more to one level, most likely to facilitate 
cross-pollination. To accomplish _ this, 
while keeping the carpels numerous and 
separate, presents a difficulty and con- 
sequently this form of inferior gynoecium 
isnot common. It appears to be brought 
about by the introduction of intercalary 
meristems in floral tubes formed by the 
united bases of perianth members and in 
which in extreme cases — Rosa for ex- 
ample — the receptacle may be involved 
as well. 

Opinion generally seems to be veering 
round to regarding inferiority as being 
brought about, at any rate in the main, 
by adnation rather than by invagination. 
Gertrude Douglas (1944) in her review 
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of the inferior ovary states that a truly 
invaginated axis is rare—so far only 
known in Rosa, Calycanthus, Santalaceae 
and possibly Juglandaceae. In the majo- 
rity of inferior ovaries the structure she 
considers appears to be composed of the 
fused basal portions of the calyx, corolla 
and androecium adnate to the fused 
carpels. Eames, our chief authority on 
vascular anatomy, considers that the 
inferior ovary is nearly always appendi- 
cular and this is emphasized in the second 
edition of his joint book on plant ana- 
tomy (Eames & Macdaniels, 1947). 
Puri (1952) hardly goes so far, though he 
is of the opinion that vascular anatomy 
can help us little in solving the problem 
of the inferior ovary in certain cases. 

It may be salutary to dwell a little on 
the genus Rosa — an extreme and some- 
what isolated example of inferiority or 
perigyny to adopt current botanical 
terminology. Here, of course, there is no 
cohesion of carpels. They remain free in 
the floral cup. The genus, though placed 
and perhaps rightly so in the sub-family 
Rosoideae, occupies a tribe to itself, 
Roseae. It can be considered a very 
successful genus apparently on the up- 
grade and this may be due largely to the 
production of a unique kind of succulent 
fruit, the hip. A French lady botanist, 
G. Bonne, was presumably the first to 
consider the rose hip as partly recepta- 
cular (axial) and partly appendicular. 
Gemma Jackson (1934) later working 
on the vascular anatomical side found 
that part of the way up the wall of the 
floral tube the vascular bundles become 
inverted. On these grounds she considers 
this part of tube to be of receptacular 
origin, hence she concludes like Bonne 
that the rose hip is appendicular in its 
upper part and axial in the lower — the 
exact limit between the two cannot be 
precisely determined. The approximate 
limit is at a level slightly above that of 
the highest point of the bending back of 
the stelar bundles. Not being a floral’ 
anatomist I find it difficult to visualize 
how the invagination of the receptacle 
has been brought about by the inversion 
of these bundles. However, one can 
visualize what may happen to a conical 
receptacle bearing separate carpels when 
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it becomes flattened out and eventually 
cup-shaped through intercalary growth 
of one kind or another, resulting in the 
conical apex of the floral axis becoming 
sunk as it were at the bottom of the cup. 
More ontogenetic work on the rose ‘hip 
is here indicated. 

Jackson expressly states ( p. 464) that 
she has intentionally avoided using in 
her paper the terms calyx tube, recepta- 
cular tube and hypanthium. She is of 
the opinion that the use of these terms 
should be discontinued and that floral 
tube should be used in preference. Hypan- 
thium, she says, is wrong because the tube 
is not a structure below the flower. I 
heartily endorse these remarks and sug- 
gestions and particularly think hypan- 
thium a superfluous botanical term. 


Placentation 


The recent comprehensive review of 
angiospermous placentation by Professor 
Puri (Puri, 1952) relieves me of the 
task of trying to deal at all fuily with this 
part of the morphology of the gynoecium. 
To adopt a legal metaphor a reviewer 
may be likened to a judge summing up 
before a jury. He does not give the 
verdict but so weighs the evidence as to 
direct the jury to a unanimous decision. 
Acting as the jury I perceive trends 
in this review which in the main I am 
inclined to follow, particularly as on 
the whole they make for simplification. 

The term placenta in botany is applied 
to that part of the ovary wall which 
bears the ovules and early in his review 
Professor Puri is careful to point out that 
for each carpel the placenta is primitively 
a double structure — a fact Robert Brown 
pointed out more than a hundred years 
ago, but which some botanists at the 
present time are inclined to overlook. 

Placentae may be considered as primi- 
tively running along the two margins of 
the carpellary leaf and as in the angio- 
sperm carpel the two margins come to- 
gether forming what is known as the 
ventral suture, the two placentae become 
contiguous, bearing the ovules in two rows 
within the loculus formed by the closure 
of the carpel. The reviewer ( Puri) 
favours the term marginal for this type 
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of placentation when it occurs in a free 
(apocarpous) carpel. If the ovules in 
a carpel become reduced to unity and the 
single ovule is basally situated, the 
placentation may be considered basal — 
of subsidiary importance one might deem 
it in placentation terminology. 

When a whorl of follicular carpels co- 
here bringing the placentae to a central 
point, a placentation long known as axile 
is reached with loculi corresponding to 
the number of carpels involved. This 
may be regarded as the least evolved 
type of placentation of a syncarpous 
gynoecium. 

But there is another common kind of 
syncarpous placentation long known as 
parietal. The two margins of each in- 
dividual carpel cease to close in develop- 
ment but still continue coherent resulting 
in a single loculus to the ovary. The 
double placentae thus formed are of a 
different make-up from those in an axile 
placentation as each has a contribution 
from two different but adjacent carpels. 

Much controversy, into which the re- 
viewer enters fully, has arisen over the 
question as to which of the two main 
types of placentation — the axile and the 
parietal — may be considered as primi- 
tive. The evidence would seem to point 
on the whole to the axile. On teleological 
grounds, once a syncarpous gynoecium . 
has become established the need for a 
closed individual carpel for ovule protec- 
tion ceases to be necessary, so the ovary 
might as well be unilocular as plurilocular, 
hence axile placentation may be con- 
sidered as giving way to parietal. 

Moreover, there is no hard and fast 
distinction to be drawn between these two 
types of placentation as in some instances 
the ovary may be basally plurilocular and 
apically unilocular or the reverse. Hence, 
there is little to be gained but instead un- 
necessary complication by adopting Troll’s 
classification of placentae with the un- 
familiar terms of coenocarpy and para- 
carpy. 

Then again as the reviewer stresses, 
placentae parietally situated may grow 
inwards and more or less cohere at the 
centre, thus making the ovary again as it 
were plurilocular. Such a placentation 
can be styled falsely axile. 
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There is just another possibility re- 
garding the origin of, say, some parietal 
placentations. I won’t say I am en- 
amoured by it, but it may be worth ex- 
pressing. Namely, the possibility that 
such a placentation antedated the closure 
of the carpel. As far as ontogenetic in- 
vestigations of the gynoecium have pro- 
gressed they do suggest that the carpel 
begins in development as an open struc- 
ture. If a whorl of such open carpels 
remained so and became coherent, a 
parietal placentation would be evolved 
without a preceding axile stage. 

A third form of placentation long known 
and termed free central, conspicuous, 
e.g. in the families Caryophyllaceae and 
Primulaceae, need not puzzle us, the 
explanation being the disappearance of 
the septa in an axile placentation. Here 
again there are instances of the one and 
the same ovary being partly axile and 
partly free central depending on the part 
of the organ examined, particularly as 
shown in transverse section. 

There is perhaps some difference of 
opinion regarding these free central placen- 
tations as to how far the floral axis 
(receptacle ) is involved in the composi- 
tion of the ovary. This seems to me of 
quite subordinate importance — a detail 
for floral anatomists to work upon largely 
by using vascular evidence. 

There is finally one kind of placentation 
of a distinctly puzzling character — the 
so-called laminar in which the ovules are 
more or less scattered on the internal 
(adaxial) surface of the carpel wall 
well exemplified in the Nymphaeaceae 
and Butomaceae. These families have in 
some respects a primitive type of flower, 
so it might be thought that this was an 
original kind of placentation. But it is 
not so restricted. It occurs, for example, 
in such a comparatively advanced family 
as the Gentianaceae. 

My inclination leans towards regarding 
laminar placentation as derivative — à 
kind of ovular hypertrophy. Though on 
the whole the individual flower in evolu- 
tion has tended to run along reduction 
lines, the opposite tendency should not be 
lost sight of, namely, a numerical increase 
in one or other of its component parts. 
One might instance the Orchidaceae — 
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a very advanced family. Here the nume- 
rous ovules per carpel can hardly be held 
as the retention of a primitive character, 
but rather as an induced multiplication 
and at the same time seeds are formed 
with very reduced embryos. Hence, on 
these lines laminar placentation might be 
considered advanced and not primitive. 
The further study of genera with this 
kind of placentation seems to be overdue. 


Summary 


1. A plea is made for the use of one 
form of spelling only for the term used for 
the female part of the flower. Reasons 
are given for the adoption of gynoecium, 
rather than gynaeceum. It is suggested 
that the diphthong oe or ae be dispensed 
with for the sake of ease in typing and 
printing. 

2. It is considered time that the old 
term pishl be discarded and gynoe- 
cium generally adopted in its place. 
Also that carpellate should replace pis- 
tillate in denoting unisexual female flowers 
or inflorescences. It corresponds better 
with staminate for the male ones. 

3. For the sake of simplicity it is 
suggested that one term should be used 
for the floral axis. Receptacle is favoured 
in place of thalamus or torus. 

4. Terms of recent origin such as carpel 
polymorphism with its solid and valve 
carpels, and coenocarpy and paracarpy as 
applied to placentation are considered un- 
necessary complications. 

5. Peltate and epeltate carpels recently 
much to the fore are looked upon as of 
minor importance in carpel morphology. 

6. Phyllospory and stachyospory are re- 
garded as unnecessary terms in describing 
angiospermous floral evolution. 

7. Apical ( terminal) carpels and ovules 
of Angiospermae are regarded as deri- 
vative and of no primary morphological 
importance. 

8. The evolution of the stigma and 
style is discussed and reasons given for 
regarding the decurrent stigma as primi- 
tive and the capitate stigma as advanced, 
A syncarpous gynoecium with separate 
styles is held to have preceded as a rule 
one with a single style, hence the term 
stylode might be adopted for each of the 
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former or else the latter could be termed 
a compound style. Stress is laid on the 
double character of the stigma of each 
carpel. 

9. On general grounds the commissural 
seems to follow, hence to be associated 
with, parietal placentation. 

10. All inferior ovaries are considered 
phylogenetically to be of adnation origin. 
Invagination as applied to inferiority 
would appear to be somewhat of a mis- 
nomer and to be explained rather by 
complications arising through intercalary 
meristems. Whether the receptacle is 
involved or not in inferior ovaries is held 
to be a matter of minor importance. The 
term hypanthium is deemed unnecessary 
and floral tube should be used in its 
place. | 

11. Two main types of placentation 
are to be recognized for syncarpous 


[ March 


gynoecia, viz. axile and parietal. The 
former as a rule is regarded as preceding 
the latter, though one must be cognizant 
of the fact that a false axile placentation 
may be formed through the ingrowths of 
parietal placentae. Other forms of placen- 
tations such as free central, basal, etc., 
can be readily derived from axile. The 
so-called laminar placentation is shortly 
discussed and admitted to be somewhat 
of a puzzle. A derivative rather than a 
primitive view is favoured for this scatter- 
ed arrangement of the ovules on the carpel 
wall. 

My grateful thanks are again due to 
Miss Lorra I. Scott, M. Sc., of the Botany 
Department of the University of Leeds, 
for so kindly typing the manuscript, and 
for several valuable suggested improve- 
ments in the composition which I have 
adopted. 
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SEW ARDIELLA TUBERIFERA KASH.* 
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Introduction 


Sewardiella Kash., a monotypic Indian 
genus, confined apparently to a few 
localities in the Western Himalayas 
( 6000-8000 ft.), is of unusual interest to 
hepaticologists because of its intermediate 
position between the foliose and the 
thallose genera of the Metzgerineae. 

Kashyap (1915), who instituted the 
genus, described the taxonomic and 
general morphological details of S. tuberi- 
fera, assigning it to the Codoniaceae fol- 
lowing Fossombronia. He further ( Kash- 
yap, 1929, p. 101) drew attention to the 
close similarity of the two genera: “ The 
plant is closely allied to Fossombronia 
tuberifera not only as regards tuber- 
forming habit but in the position of the 
sex organs, the perianth and the structure 
of the sporogonium. As a matter of fact, 
the only difference between the two 
genera is that, whereas, in Fossombronia 
the wing is divided into lobes ( leaves ), in 
Sewardiella it is entire”. Chalaud (1932) 
described the mycorrhiza and tuber 
formation of this liverwort. Pandé & 
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Misra ( 1937 ), gave a preliminary account 
of its life history. Mehra ( 1938 ) reported 
18 as the diploid number of chromsomes 
of this species. Mehra & Khanna 
(1950) published an excellent account 
of its life history, describing the structure 
of the thallus, segmentation of the apical 


cell, development of the sex organs, 
and some other details. No detailed 
account, however, has yet appeared 


of embryogeny and sporogenesis. The 
object of this paper is mainly to fill 
this gap. 


Material and Methods 


Sewardiella tuberifera has a very res- 
tricted distribution in the Western Hima- 
layas. However, it is not confined to 
Mussoorie and Simla, as stated by previous 
workers (Kashyap, 1915; Mehra, 1938; 
Mehra & Khanna, 1950). It has fre- 
quently been met with along the Nainital- 
Bhawali cart-road ( Pandé, 1931 ) by the 
side of some hill streams in humid and 
shady places, covered over by mosses and 
grasses and forming dense patches ex- 
No. 12. 
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tending over an area of more than one 
square foot. Unfortunately, since the 
time the Nainital Bhawali cart-road has 
been metalled, Sewardiella seems to have 
disappeared from this area. Nevertheless, 
it is not impossible that it may be found 
in some other favourable places a little 
higher up or lower down along this road. 
It has also been collected from a few other 
places in this locality, e.g. Upper Ayar 
Patta Road, below ‘Tiffin Top’ near 
Lands’ end and at places on the footpath 
leading from the southern side of Nainital 
to China Peak. At Mussoorie, as stated 
by Mehra & Khanna (1950), it occurs 
only in the neighbourhood of Woodstock 
College on the Tehri Road. 

The material for the present study was 
collected both from Nainital and Mus- 
soorie for several years in July-October, 
the growing season of the plant. The 
specimens collected from Nainital about 
the middle of July showed sex organs in 
various stages of development, while 
those collected about the middle of 
August or later contained mostly mature 
sex organs and sporophytes. 

The material was fixed in Flemming’s 
fluid ( weak and strong ), formalin-acetic- 
alcohol, Navaschin’s fluid, and chroma- 
cetic acid mixtures and embedded in 
paraffin. Sections were cut 4-10 uw thick 
and stained in safranin, gentian violet 
and Orange G, and Heidenhain’s iron 
alum haematoxylin using picric acid for 
destaining. 


Gametophyte 


HABIT AND HABITAT — As stated by 
Kashyap (1915) the plant may occur 
singly among mosses and grasses or may 
form large patches of overlapping in- 
dividuals (Fig. 1) in favourable situa- 
tions. It is strictly dioecious. The male 
plants have a somewhat shorter duration 
of life and are usually smaller than the 
females as also noted in Pallavicinia 


canarus St. (Pandé & Srivastava, 1953). 
The thallus (Figs. 2-4, 10-12) is light 
green in colour and looks like a fern 
prothallus. It possesses a thick midrib 
and delicate wings (Figs. 2, 10, 11). 
The ventral surface bears small scales, 
especially towards the apex, and numerous 
simple rhizoids. In the young plant the 
wings are ascending but as it grows older, 
they spread out somewhat horizontally. 
The wings are one cell thick except at 
the base where they are thicker. 

The midrib harbours a mycorrhizal 
fungus, as described by Chalaud ( 1932 ) 
and by Mehra & Khanna (1950). 

The plant perennates by means of 
tubers ( Figs. 3, 5, 6) and may sometimes 
continue to grow for two or three suc- 
cessive years by this method. Tuber 
formation is apparently more common 
at Mussoorie than at Nainital. 

Sex organs begin to appear while the 
plant is very young. At Nainital the 
antheridia were noticeable on male plants 
before the appearance of archegonia on 
the female plants. Sporophytes are also 
formed somewhat earlier than at Mus- 
soorie where they are visible about the 


middle of August (Mehra & Khanna, 


1950). The sporophyte (Figs. 12, 53) 
has usually a very small seta, ( often about 
1-5 mm. in length) included within the 
perianth. Sometimes, however, it is longer 
and the capsule projects beyond the 
perianth ( Figs. 3, 4a, 4b, 4c). Specimens 
with the seta measuring about 20 mm. 
were collected a number of times both 
from Mussoorie and Nainital and were 
reported by one of the authors for 
the first time from Nainital ( Pande, 
1931). In all such cases the collec- 
tions were made towards the end of 
the growing season. The increase in the 
length of the seta is largely due to the 
elongation of its cells as is usual in the 
Metzgerineae. Soon after the spores 
have matured, they are liberated and the 
thallus dries up. 


Fics. 1-8. (p, perianth; {, tuber; v.c.c., ventral canal cell) — Fig. 1. Thalli. 


> 
Fig. 2. Thallus 


enlarged. Figs. 3, 4. a, b. Thalli bearing mature sporophytes with unusually long seta. Fig. 4c 


shows one with dehisced capsule. 


sporophyte showing foot and seta. 


Fig. 5. Thallus with perennating tubers. 
mature sporophyte after the wings have been cut away. Fig. 7. L.s. archegonia. 


Fig. 6. Thallus with 
Fig. 8. L.s. 


1-8, 
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Tic. 9 — L.s. foot magnified; p, peripheral layer 
of amoeboid, haustorial cells; m, mucilage. 


A luxuriant growth of Sewardiella was 
noticed near Woodstock College at Mus- 
soorie on September 18, 1938. The 
photographs ( Figs. 4a, 4b, 4c ) reproduced 
here are from this collection. On October 
8, about 20 days later all the capsules 
had dehisced and liberated their spores 
and no trace of the plants was visible. 

SEX ORGANS — The antheridia mixed 
with a number of scales occur on the 
middle line of the dorsal surface of the 
male plants. They develop in acropetal 
succession from the segments of the apical 
cell. Our observations on the mode of 
development are in conformity with those 
of Mehra & Khanna (1950). Fig. 14 
shows an immature antheridium in a 
longitudinal section. The wall is single 


layered and encloses a large number of 
fertile cubical cells. 

The archegonia arise behind the grow- 
point in the female plant and occur in 
clusters mixed with numerous scales. 
Fig. 15 shows a mature archegonium. 
Its neck is about 10 cells high and encloses 
seven neck canal cells, a ventral canal 
cell and the egg. In some archegonia 
about a dozen neck canal cells could be 
counted. Fig. 16 shows the basal part 
of a mature archegonium somewhat more 
highly magnified than the one shown in 
Fig. 15. In this as well as in the arche- 
gonium shown in the previous figure both 
the neck and venter are single-layered. 
Sometimes, however, at the time, when 
the canal cells are disorganizing the venter 
becomes two-layered ( Figs. 7, 18) as in 
Fossombroma himalayensis ( Pandé, Maha- 
balé, Rajé & Srivastava, 1954). Occa- 
sionally, the venter may become two- 
layered even before any signs of disorga- 
nization are visible in the canal cells 
(Fig. 17). After fertilization (Figs. 19, 
22, 23) the venter becomes two- to four- 
layered. Mehra & Khanna (1950) ob- 
serve that the venter is only one cell 
thick before fertilization, but becomes 
two- to four-layered after fertilization. 


Fertilization 


The actual act of fertilization was not 
seen. Fig. 18 shows the venter of an 
archegonium after all the neck canal 
cells have been completely disorganized 
while the ventral canal cell is in process 
of disorganization. A photograph of the 
same along with an older archegonium 
is shown in Fig. 7. The egg cytoplasm 
of this has great avidity for stains, and shows 
a prominent nucleus. The canal is full 
of mucilage. Fig. 19 shows the fertilized 
egg. The egg nucleus les towards one 
side and there is a smaller nucleus pressing 


Fics. 10-23 ( 3, antheridia; ap.c., apical cell; m, midrib; p, perianth; sc, scale.) 
Fig. 11. Male thallus with antheridia and scales. 
Fig. 13. L.v.s. thallus showing apical cell. 
a Fig. 16. L.s. lower part of mature archegonium. 
Fig. 17. L.s. mature archegonium showing two layered venter. 


showing midrib and wings. 
bearing mature sporophyte. 
dium. Fig. 15. L.s. mature archegonium. 
neck canal cells have disorganized. 
showing fusion of male and female nuclei. 
venter showing oospore, 
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Fig. 19. L.s. archegonium after fertilization. 
Fig. 22. L.s. archegonium after fertilization. 


> 
Fig. 10. Thallus; 
Fig. 12. Thallus 
Fig. 14. L.s. antheri- 


Fig. 18. L.s. archegonium after 
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against it. The latter is probably the 
male nucleus. Towards the opposite side 
of the egg there seems to be a second male 
nucleus. Fig. 20 shows the egg somewhat 
more highly magnified. In another case, 
represented in Fig. 21, the male nucleus 
is seen lying towards the top of the 
female nucleus. At this stage the latter 
is much larger and shows the opening 
out of the chromatin network. In 
Fig. 22, which shows the oospore, both 
the neck and venter are filled with 
mucilage. About half of the lower part 
of the neck has become two-layered and 
the venter is three-layered. Fig. 23 
shows a somewhat later stage in which 
the cytoplasmic contents of the oospore 
are more dense and granular. 


Embryogeny 


The first division of the fertilized egg 
is transverse to the long axis of the 
archegonium resulting in a two-celled 
embryo (Fig. 24) which is more or less 
oval. The lower cell probably forms the 
foot as in Fossombroma himalayensis 
( Pandé, Mahabalé, Rajé & Srivastava, 
1954), and does not remain only as an 
appendage as in Riccardia. The rest of the 
sporophyte is produced from the upper 
cell which divides transversely to produce 
a three-celled embryo ( Fig. 25). This is 
followed by another transverse division 
resulting in a four-celled embryo (Fig. 26). 
In this respect Sewardiella tuberifera 
closely resembles Fossombronia ( Hum- 
phrey, 1906; Haupt, 1920; Chalaud, 1929; 
Pandé, Mahabalé, Rajé & Srivastava, 
1954) and Petalophyllum indicum ( Mehra 
& Vashist, 1950). Fig. 27 shows an 
older embryo in longitudinal section. It 
is a cylindrical structure six cells long 
with two cells in each row and is some- 
what broader towards the apex. A some- 
what similar embryo is shown in Fig. 28, 
and an older one about 11 cells long in 
Fig. 29. Fig. 30 shows a later stage in 


which the embryo is comparatively 
broader, being two- to four-layered as 
seen in longitudinal section. It is more or 
less dome-shaped towards the apex. A 
similar embryo, enclosed within a six- 
layered calyptra, is shown in Fig. 31. In 
the foot where divisions are less active the 
cells are larger, whereas in the rest of the 
sporophyte these are comparatively smal- 
ler. The cells of the embryo now divide 
actively and soon the various parts of 
the sporophyte become differentiated. 
In the region of the capsule a single 
layered amphithecium is cut off from the 
central endothecium by periclinal walls. 
The amphithecial cells divide further, 
both by periclinal and anticlinal walls, 
and produce a three- to four-layered wall 
(Figs 32-34). The cells of the arche- 
sporium are smaller than the jacket cells, 
have denser contents and prominent nuclei 
and divide actively in all directions 
( Fig. 34). Elsewhere, the cells are much 
larger and divisions are less active. As deve- 
lopment proceeds further the foot bulges 
out considerably ( Fig. 33). Some stages 
in division of the archesporial cells are 
shown in Figs. 35-47. The diploid number 
of chromsomes, as counted in the dividing 
cells of the archesporium, capsule wall 
and seta is 18 (see also Mehra, 1938). 
Ultimately, the archesporial cells become 
differentiated into spherical spore mother 
cells (Fig. 48, sp) and the somewhat 
elongated elater primordial cells ( Fig. 48 
el). The spore mother cell ( Fig. 48, sp) 
has a large nucleus which becomes four- 
lobed ( Figs. 50, 51) as in other members 
of the Jungermanniales, and gives rise 
to four spores ( Fig. 52) with the haploid 
number of chromosomes. The wall of 
the spore becomes thick and the spore 
coat shows characteristic sculpturings 
( Figs. 54, 55). The-elater primordial 
cell ( Fig. 48, el) elongates and its proto- 
plasm becomes more or less evenly 
distributed. Since it produces a single 
elater ( Fig. 49) it belongs to the same 


Fics. 24-33 — Fig. 24. L.s. two-celled embryo. 


four-celled embryo. 2 
tudinal rows of 6 and 11 cells respectively. 
within calyptra ( calp ). r 
cells. 


Fig. 27. L.s. filamentous embryo. 
Fig. 30. L.s. older stage. 
Fig. 32. L.s. embryo showing differentiation into archesporium and jacket 
Fig. 33. L.s. young sporophyte showing bulbous foot. 


—— 
Fig. 26. L.s. 
Figs. 28, 29. L.s. embryo showing two longi- 
Fig. 31. L.s. embryo enclosed 


Fig. 25. L.s. three-celled embryo. 


Fics. 24-32. 
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generation as the spore mother cell as 
also stated by Mehra & Khanna (1950). 
(cf. Haupt, 1921, on Reboulia hemis- 
pherica). The nucleus and the contents 
of the elater cell gradually disappear and 
two or three spiral bands are developed 
on its walls (Fig. 56). 

At the time of sporogenesis the wall of 
the sporophyte is three- to four-layered; 
its cells have prominent nuclei and dense 
protoplasm and are actively dividing. The 
cells of the seta also have dense protoplasmic 
contents and are meristematic. The foot 
is quite prominent and bulbous ( Fig. 8 ). 
It is distinctly marked off from the seta 
and its rim is somewhat raised upward 
(Figs. 8, 9) as in Petalophyllum indicum 
(Mehra & Vashist, 1950). Its cells are 
much larger than those of the seta 
(Figs. 8, 9). The peripheral basal cells 
of the foot (Fig. 9, p) which are in 
contact with the cells of the gametophyte, 
have larger nuclei and denser contents. 
They are amoeboid and haustorial as has 
been stated by Mehra & Khanna (1950 ). 
The cells of the gametophyte, in contact 
with the cells of the foot, also have dense 
contents but with the growth of the 
sporophyte these cells become flattened 
( Fig. 9) and ultimately break down to 
produce a mucilaginous substance ( Fig. 
yam): 

The seta is very much narrower than 
the foot. In longitudinal section it is 
about 12 cells in diameter. In a young 
seta the peripheral cells are somewhat 
narrower than the rest, have rich contents 
and are more regularly arranged. At the 
maturity of the capsule the cells of the 
seta increase in length so that it may 
become slender and greatly elongated car- 
rying the capsule much above the perianth 
(Figs. 3, 4a, 4b, 4c). In those cases, 
where the seta remains included within 
the perianth, it is comparatively thicker. 

The mature sporophyte has a jet black 
spherical capsule ( Figs. 3, 4a, 4b, 53). 


The perianth (Figs. 6, 12, p) is very 
irregularly toothed or lobed and is formed 
after fertilization by the fusion and zonal 
growth of the involucral bracts at the 
base of the archegonia. Kashyap (1915) 
and Mehra & Khanna ( 1950) have given 
an excellent account of its development. 
Fig. 6 shows a mature sporophyte after 
the wings of the thallus have been re- 
moved. 

The dehiscence of the capsule is brought 
about by an irregular rupture of the 
capsule wall at the apex, (Fig. 4c) ex- 
posing the spores and elaters. The spores 
measure about 40-42 u. The elaters are 
300-400 u. long, bi- or tri-spiral and 10 u 
thick in the middle. The wall of the 
capsule is generally three-layered but at 
places it may sometimes become even 
four-layered. As stated by Kashyap 
(1915) the inner layers (Figs. 57, 58) 
show annular bands of thickenings on 
their inner and radial walls but the outer- 
most layers usually have no thickenings. 
Sometimes, however, as observed by 
Kashyap (1929) some cells of the outer 
layer may also show feeble thickenings 
here and there ( Fig. 58). The cells of 
the outermost layer are somewhat more 
elongated than the cells of the inner 
layers ( Figs. 57, 58). 


Discussion 


Kashyap ( 1915 ) refers Sewardiella to 
the Codoniaceae, pointing out that the 
genus is only a condensed form of Fossom- 
bronia where the foliose leaves have pro- 
duced the wing or the thallus. Verdoorn 
(1932), who has split the Codoniaceae 
into three families, Treubiaceae, Codo- 
niaceae (in a restricted sense ) and Hap- 
lolaenaceae, retains the genus in the 
Codoniaceae, along wit h five other genera, 
1e. Androcryphia, Fossombronia, Petalo- 
phyllum, Simodon and Geothallus. Goebel 
(1930, p. 911) assigns the genus to the 


SS 


Fics. 34-58 — Fig. 34. L.s. young capsule. Archesporial cells dividing. Figs. 35-47. Different 


stages in the division of the archesporial cells. 
mordial cell (el). Fig. 49. 
mother cell forming spore tetrad. 


wall, 


Fig. 48. Spore mother cell (sp) and elater pri- 
Elater primordial cell developing into elater. 


Figs. 50, 51. Spore 


| Fig. 52. Spore tetrad. Fig. 53. Sporophyte enclosed within 
calyptra (calp). Figs. 54, 55. Mature spores. Fig. 56. Trispiral elater. 


Figs. 57, 58. L.s. capsule 


‘02mm 54,55,58 


eme | 
‘O5mm 56 


"O2 mm 48 — 52 ‘O2mm 57 
ny 
Imm 53 


Fics. 34-58. 


66 PHY TOMORPHOLOGY 


Fossombroniaceae along with two other 
genera, Fossombronia and Petalophyllum. 
Evans (1939), who has followed Ver- 
doorn’s classification in a somewhat 
modified form, places the genus in the 
Fossombroniaceae. Besides Sewardiella 
the three other genera which he includes 
here are; Fossombronia, Simodon and 
Petalophyllum. 

Mehra & Vashist (1950) state that 
there is great cytomorphological similarity 
between Fossombronia, Petalophyllum and 
Sewardiella. They draw attention to the 
close resemblances of these genera with 
regard to the position of sex organs on the 
thallus and their development; general 
structure of the sporophyte; tuber form- 
ing habit for perennation; mycorrhizic 
nutrition of the thallus and the same 
chromosome number (2n = 18). They 
have pointed out how the thallus of 
Sewardiella might have been derived from 
foliose forms like Fossombronia by the 
congenital concrescence of dorsiventral 
leaves with an intermediate condition 
being represented by Petalophyllum. 

A study of Fossombronia himalayensis 
( Pandé, Mahabalé, Rajé & Srivastava, 
1954) and Sewardiella tuberifera has con- 
firmed this view and shown that these two 
liverworts also agree in the minutest 
details of their embryogeny. However, 
as the authors have studied only two of 
the members of the Metzgerineae they 
would like to postpone a fuller discussion of 
this important issue to a future occasion, 
when a detailed study of some other mem- 
bers of this group, now in progress, has 
been completed. 


Summary 


1. Sewardiella Kash. is a monotypic 
Indian genus confined to the outer ranges 
of the Western Himalayas ( 6,000-8,000 
ft.), ie. Mussoorie, Simla and Nainital. 

2. The plants appear at the advent of 
the rainy season and are dioecious. The 
antheridia appearing first on the male 
thall. The sporophytes mature by the 
middle of August and shed the spores by 
the middle of September. The life history 
is thus completed in about three months. 

3. Our observations on the structure 
of the thallus, and organization and 
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development of the sex organs are, on 
the whole, in conformity with those of 
Kashyap (1915) and of Mehra & Khanna 
(1950). 

4, Before fertilization the venter may 
be one- or two-layered as in Fossomb- 
ronia himalayensıs. 

5. The first division in the oospore is 
transverse to the long axis of the arche- 
gonium. This is followed by two more 
transverse divisions producing a four 
celled embryo which ultimately develops 
into a filamentous embryo as in Fossom- 
bronia. The capsule and seta develop 
from the epibasal half of the embryo 
while the foot develops from the hypo- 
basal half. 

6. In the region of the capsule a single 
layered amphithecium is cut off from the 
central endothecium by periclinal divi- 
sions. The amphithecium forms the wall 
of the capsule and the endothecium forms 
the archesporium. 

7. The foot is bulbous and massive. 
Its peripheral basal cells are amoeboid 
and haustorial, and have large nuclei 
and dense contents. The adjacent cells 
of the gametophyte become flattened 
and ultimately break down to form a 
mucilaginous substance. 

8. The spore mother cells become four- 
lobed and give rise to four spores with 
the haploid number of chromosomes. 
The elater primordial cell gives rise to 
a single elater and belongs to the same 
generation as the spore mother cell. 

9. The diploid number of chromosomes 
is 18. 

10. The capsule wall may be three- to 
four- layered with annular and spiral bands 
of thickenings on the inner and radial 
walls of the inner layers. Occasionally, 
some of the cells of the outer layer also 
show feeble thickenings. 

11. The seta may remain short and 
included within the perianth or may 
become elongated so as to raise the 
capsule much above the perianth. 

12. The plant perennates by means of 
apical tubers formed at the end of the 
growing season. 

The senior author is thankful to the 
Scientific Research Committee, Uttar Pra- 
desh, for a grant which has greatly 
facilitated this work, | 
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THE OCCURRENCE OF BISPORIC EMBRYO SACS IN 
ANGIOSPERMS — A CRITICAL REVIEW 


SATISH C. MAHESHWARI 
University of Delhi, India 


Introduction 


Depending on the number of megaspore 
nuclei taking part in the development, 
the female gametophyte of angiosperms 
has been classified into three main types: 
monosporic, bisporic, and tetrasporic. In 
the first only one of the four megaspores, 
in the second 2 megaspore nuclei, and 
in the third all the 4 megaspore nuclei 
take part in the development. 

A bisporic 8-nucleate embryo sac 
was first described in Allium fistulosum 
by Strasburger (1879) and has since 
been confirmed in several species of 


Allium (Weber, 1929; Messeri, 1931; 
Jones & Emsweller, 1936; and others ). 
This mode of development has been 
designated as ‘Allium type’ (see Mahesh- 
wari, 1950). The megaspore mother cell 
divides to form two dyad cells, of which 
the upper is much smaller and soon 
degenerates. The nucleus of the lower 
divides to form 2, 4, and then 8 nuclei, 
which give rise to an embryo sac with the 
usual organization. 

Treub & Mellink ( 1880) independently 
described the same type of development 
in Agraphis patula ( = Scilla hispanica ), 
and this has been found to be true of 
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many other species of Scilla (see Hoare, 
1934)1. The chief difference between 
Allium and Scilla lies in the fact that 
while in Allium it is the lower dyad cell 
which gives rise to the embryo sac, in 
Scilla it is usually the upper. The lower 
does not degenerate at once, however, 
but often develops up to the 4-nucleate 
stage forming the so-called ‘ antigone’, 
which probably serves for the nutrition 
of the functional embryo sac. 

The Allium type of embryo sac appears 
to be characteristic of the following 
families: Podostemonaceae, Butomaceae 
(except Butomus), Alismaceae, and the 
subfamily Viscoideae of the Loranthaceae. 
It is also found in several members of 
the Liliaceae, Amaryllidaceae, and Orchi- 
daceae. In other families its occurrence 
is more or less sporadic. 

Cases have often been observed of a 
row of three cells derived from the mega- 
spore mother cell?. Such a condition can 
arise in both monosporic and bisporic 
types of development. In the former it 
is due to the omission of the second 
meiotic division in the non-functional 
dyad cell. In a bisporic type this is due 
to division of the non-functional dyad 
cell. Failure to recognize the two differ- 
ent modes of origin of triads has often 
given rise to confusion and misinter- 
pretation. 

Although the typical number of nuclei 
in the embryo sac is eight, four at each 
pole, there is a frequent tendency towards 
reduction in the number at the chalazal 
end. This has been very clearly de- 
monstrated in the Alismaceae ( Dahlgren, 
1928, 1934; Johri, 1935a, b, c, 1936a; 
Maheshwari & Singh, 1943 ), Butomaceae 
( Johri, 1936b, 1938a, b), Podostemona- 
ceae ( Went, 1910, 1912, 1926) and some 
members of the Orchidaceae (Swamy, 
1949). The Alismaceae, investigated by 
Johri are especially interesting in this 
connection. In Limnophyton obtusifolium 
( Johri, 1935a) the embryo sacs have 
sometimes all 8 nuclei formed in the 


1. Some species of Scilla are now known to have 
a monosporic 8-nucleate embryo sac. See p. 77. 
2. Some authors speak of a row of three mega- 
spores. This is incorrect, because only two cells 


of the row can be megaspores and the third must 
be dyad cell. 
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usual way, more often there are only 7 
( this is due to a failure of division of the 
lowest nucleus of the 4-nucleate stage ) 
but the commonest of all is the 6-nucleate 
condition. In this case the development 
proceeds normally up to the 4-nucleate 
stage but after this the two chalazal 
nuclei remain undivided. 

For the sake of convenience this account 
will be divided into two parts, the first 
dealing with the more or less well estab- 
lished cases of bisporic development and 
the second of those in which reports have 
been made to that effect but these have 
either been proved to be incorrect or 
must be regarded as of a doubtful nature 
for reasons given in the body of the 
paper. 


Established Cases of Bisporic 
Development 


SAURURACEAE? 


In his work on Saururus, Johnson 
( 1900 and 1905 ) also made some observa- 
tions on Anemopsis. He states “ the 
functional megaspore is one out of two 
potential megaspores.... A tapetum is 
formed and is persistent. The mature 
embryo sac is a typical seven-nucleate 
one”. He neither elaborated these state- 
ments nor gave any figures to support his 
conclusions. It is not surprising, there- 
fore, that Johnson’s findings have been 
variously interpreted. Schnarf (1931) 
considers the embryo sac to be of the 
Scilla (= Allium ) type and writes: ‘ Die 
kurzen Angaben Johnsons tiber Anemopsis 
sp. lassen Entwicklung nach dem Scilla-T 
möglich erscheinen.”” On the other hand 
Hauser (1916) interpreted Johnson’s 
report of ‘two megaspores’ to mean 
that after the first division of the mega- 
spore mother cell only the lower nucleus 
divides again and the embryo sac is 
derived from two megaspores resulting 
from such a division. 

Quibell’s ( 1941) investigation of Ane- 
mopsis californica has, however, confirmed 
that the embryo sac is of the bisporic 


3. The sequence of families is the same as that 
in Engler & Diels (1936) except that the 
monocotyledons have been placed after the 
dicotyledons. 
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type. Both the dyad cells become bi- 
nucleate, but the micropylar cell does not 
grow further and it is the chalazal which 
gives rise to the embryo sac. 


PODOSTEMONACEAE 


Several members of this family have 
been investigated by Went (1908, 1910, 
1912, 1925, 1926). They belong to the 
following genera: Apinagia, Cladopus, 
Lophogyne, Mourera, Oenone, Rhyncholacis 
and Tristicha. 

The young nucellus consists of an axial 
row of three or four cells of which the 
uppermost becomes the megaspore mother 
cell, being distinguishable from the rest 
not only by its size but also by its larger 
nucleus and denser contents. The first 
division results in the formation of the 
dyad cells of which the upper degenerates 
and becomes considerably flattened, al- 
though remnants of it are frequently dis- 
tinguishable for a long time. In some 
cases its nucleus may divide but no cell- 
plate is laid down. The lower dyad cell 
functions and forms the embryo sac. It 
does not undergo any great increase in 
size, however, and always lies in the 
upper part of the nucellus which projects 
beyond the inner integument*. Of the 
two nuclei produced by the first division, 
the lower begins to degenerate even before 
it is fully organized. The upper nucleus 
undergoes two divisions to form 4 nuclei 
which organize into the two synergids, 
the egg and a single polar nucleus. 

A remarkable feature, apparently com- 
mon to all the Podostemonaceae, is that 
the portion of the nucellus, which lies 
just below the embryo sac, elongates con- 
siderably by an extreme stretching of its 
cells followed by a dissolution of the 
longitudinal walls so that the protoplasts 
become more or less confluent and a large 
multinucleate cavity is formed. This 
structure, termed by Went as the ‘pseudo- 
embryo sac’, later receives the growing 
embryo and since no endosperm is formed 
here, the pseudoembryo sac may be 


4. In the Podostemonaceae the outer integu- 
ment arises first and this alone forms the micro- 
pyle. The inner, which grows very slowly, 
usually remains below the level of the embryo 
sac, 
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presumed to act as a substitute in pro- 
viding nutriment to the embryo. 

The reduced Allium type of develop- 
ment also occurs in Lawia zeyianica 
(Magnus, 1913; Razi, 1949), Mourera 
aspera ( Steude, 1935), Podostemon cerato- 
phyllum (Hammond, 1937) and Grifi- 
thella hookeriana ( Razi, 1949). 

Mention must also be made here of the 
more reduced embryo sacs of Podostemon 
subulatus, Hydrobium (= Zeylandium) oli- 
vaceum, Farmeria metzgerioides ( Magnus, 
1913) and Weddelina squamulosa ( Chia- 
rugi, 1933) which are said to have only 
four nuclei. In these plants the nucleus 
of the lower dyad cells is said to undergo 
only two divisions, resulting in four nuclei 
that organize into the egg apparatus and 
a single polar nucleus. There is no 
nucleus at the chalazal end and we have 
only three nuclear divisions intervening 
between the megaspore mother cell stage 
and the formation of the egg. This type 
of development, sometimes called the 
Podostemon type, has always been con- 
sidered doubtful and all the species named 
above deserve to be reinvestigated. 

An even more doubtful case is that 
of Dicraea elongata (Magnus, 1913) in 


‘which the chalazal dyad cell is said to 


divide transversely to form two mega- 
spores of which the upper gives rise to 
one synergid and the egg, while the lower 
divides anticlinally to form two cells 
which may be called the antipodals. A 
polar nucleus does not exist and con- 
sequently there is no double fertilization. 
Magnus admits, however, that he could 
not obtain all the stages in development, 
and a reinvestigation is, therefore, neces- 
sary. 


OLACACEAE 


Shamanna (1954) has reported a bi- 
sporic embryo sac in Olax wightiana. In 
O. imbricata, however, the development 
conforms to the Polygonum type ( Fager- 
lind, 1947). 


LORANTHACEAE 


Members of the Loranthaceae in which 
the Allium type of embryo sac has been 
demonstrated are: Arceuthobium america- 
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num (Dowding, 1931), Dendrophthora 
gracile, D. opuntioides ( York, 1913, 
Ginalloa linearis (Rutishauser, 1937), 
Korthalsella dacrydii ( Rutishauser, 1935 ), 
K. opuntia ( Rutishauser, 1937), Viscum 
album ( Steindl, 1935) and V. articulatum 
(now Korthalsella opuntia) (Steindi, 
( 1935 )5, V. capitellatum, V. orientale, and 
V. stenocarpum (Schaeppi & Steindl, 
1945). In all these cases the central papil- 
la has, as a rule, two archesporial cells, 
which divide to form the dyad cells. The 
upper dyad cell is the larger and gives rise 
to the embryo sac, while the lower soon 
degenerates. An interesting point is that 
after the 4-nucleate stage there is a slow 
but steady curvature of the embryo sac 
which causes the lower end to bend out 
of the papilla and proceed upward into 
the carpellary tissue. Meanwhile, the 
4 nuclei divide to form 8, one group of 
4 being situated at each pole of the sac. 
The egg apparatus now differentiates in 
the originally lower portion which now 
occupies the upper position. 


BALANOPHORACEAE 


HELosis — Umiker (1920) thought 
that H. guiyanensis (now H. cayennensis ) 
is an apomict and described the develop- 
ment as of the Adoxa type but without 
the occurrence of any reduction in the 
chromosome number. Fagerlind ( 1938b ) 
has shown that he was mistaken in both 
respects, that reduction and fertilization 
occur normally and the development is 
of the Allium type. After the 8 
nuclei have been formed, the micropylar 
quartet gives rise to an egg apparatus 
and the upper polar nucleus. From the 
chalazal quartet, as a rule, 2 nuclei 
move up and fuse with the upper polar 
nucleus, and the remaining two form a 
single binucleate antipodal cell or two 
uninucleate ones. Sometimes, when there 


5. Stevenson (1934), who has investigated 
two other species of Korthalsella, namely K. 
lindsayi and K. salicornioides reports the forma- 
tion of a linear tetrad of megaspores, but this is 
almost certainly incorrect. It may be mention- 
ed, however, that her paper is mainly concerned 
with the morphology of the flower and fruit and 
the development of the embryo sac does not 
appear to have received any serious attention. 
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are only two polar nuclei, all three 
antipodals are formed. 

DITEPALANTHUS — Fagerlind ( 1938c ) 
described this new genus of the Balano- 
phoraceae from Madagascar. In a preli- 
minary study he has reported that the 
embryo sac of D. afzelli is similar to that 
of Helosis. 


THEACEAE 


The embryo sac of tea ( Thea sinensis ) 
has been studied by three workers, each 
obtaining different results. Cavara (1899) 
reported a monosporic 8-nucleate em- 
bryo sac arising from the micropylar 
megaspore of the tetrad. Cohen-Stuart 
(1916), on the other hand, thought that 
the development was of the Adoxa type. 
Some dyads and tetrads seen by him were 
dismissed as exceptions. Fagerlind’s 
(1939) more recent study has revealed 
that the megaspore mother cell at first 
divides into two dyad cells of which the 
upper is smaller from the outset and soon 
degenerates without undergoing any fur- 
ther division. The next division occurs 
in the lower dyad cell, but is not accom- 
panied by wall formation. The two- 
nucleate embryo sac ruptures the nucellar 
epidermis and stretches upwards into the 
micropyle. There are now further divi- 
sions resulting in the formation of 8 
nuclei. 

Although there is no reason to doubt 
Fagerlind’s account, the cause of the 
divergence in the previous reports remains 
unexplained and it may be worthwhile 
to study further material collected from 
different localities to see if the differences 
are due to cultural and environmental 
conditions. 


DROSERACEAE 


The embryology of Drosera has been 
studied by Rosenberg (1909), Narasim- 
hachar (1949) and Venkatasubban (1950), 
and of Dionaea muscipula by Smith 
(1929). In Drosera the embryo sac is 
of the Polygonum type. Concerning Dio- 
naea, Smith (1929) writes that “ four 
potential megaspores are found” and 
“three of the four potential megaspores 
degenerate, leaving but one functional”. 
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However, some of her drawings (figs. 38- 
42) seem to indicate that development 
is of the Allium type. 

Recently Maheshwari & Roy (1955) 
have made a study of Drosophyllum 
lusitanicum material of which was ob- 
tained from Portugal. The lower dyad 
cell gives rise to the embryo sac. 

It is suggested that the embryo sac of 
Dionaea be reinvestigated. 


CRASSULACEAE 


Mauritzon (1933) finds that in Sedum 
populifolium and S. fabaria no wall 
formation takes place in either of the 
dyad cells during Meiosis II. Vacuolation 
commences in the chalazal dyad cell 
which enlarges and undergoes two further 
divisions to give rise to the 8-nucleate 
embryo sac. The upper binucleate dyad 
cell soon degenerates. 


EUPHORBIACEAE 


Ventura (1934) reported Allium type 
in Euphorbia mauritanica and this has 
been confirmed by D’Amato (1939) who 
has added to the list E. amygdaloides and 
E. lagascae (D’Amato, 1946). In E. 
characias (D’Amato, 1939) also, the 
development is usually of the Allium type 
but Polygonum type may also occur in 
approximately 7 per cent of the ovules. 

It is interesting to note that other 
modes of development, besides the Poly- 
gonum and Allium type also occur in the 
genus Euphorbia. One species, E. dulcis 
(Carano, 1926), shows the Fritillaria 
type while E. procera ( Modilewski, 1909, 
1910) and E. palustris ( Modilewski, 
1911) show the Penaea type. 


OXALIDACEAE 


Thathachar (1942) has studied Bio- 
phytum sensitivum and two species of 
Averrhoa. While Averrhoa has a Poly- 
gonum type of embryo sac, in Biophytum 
it is said that the upper dyad cell de- 
generates after undergoing a longitudinal 
division and the embryo sac arises from 
the lower dyad cell. While Thathachar’s 
account may be accepted for the present, 
a fresh study is desirable. 
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MALPIGHIACEAE 


Most plants of this family follow the 
Penaea type of development (see Mahesh- 
wari, 1937, 1941, 1948) but Allium type 
has been demonstrated in Galphimia 
gracilis (Stenar, 1937b) and Malpighia 
glauca (Subba Rao, 1939). In M. cocci- 
fera (Subba Rao, 1940, 1941) and most 
other plants of the family the develop- 
ment is of the Penaea type. 


RHAMNACEAE 


Out of the forty or more species of 
Zizyphus, the embryology of only three has 
been investigated up to this time. Even 
with regard to these the results have been 
somewhat contradictory. 

According to Chiarugi (1930) the em- 
bryo sac of Zizyphus sativa is of the Allium 
type. Srinivasachar (1940), on the other 
hand, reported the Polygonum type in 
Z. jujuba and Z. oenoplea. 

Kajale (1944) reinvestigated Z. jujuba 
and criticized Srinivasachar’s observa- 
tions. He found the embryo sac to be 
clearly of the Allium type, as also reported 
previously in Z. sativa ( Chiarugi, 1930 ). 

Recent work at Delhi adds further 
support for a bisporic development in 
this genus. Arora (1953) investigated 
Z. rotundifolia and found its embryo 
sac to be of the Allium type. Srinivasa- 
char’s observations are, therefore, render- 
ed doubtful. 

Several other genera of the family, 
viz., Rhamnus, Colletia, Paliurus and 
Hovenia have been found to have embryo 
sacs of the Polygonum type ( Dolcher, 
1947). 


DATISCACEAE 


Himmelbaur (1909) reported an Al- 
lium type of embryo sac in Dahsca 
cannabina and this has been confirmed 
by Mauritzon ( 1936a) and Crété ( 1952 ). 


ERICACEAE 


All members of the Ericaceae, so far 
investigated, come under the Polygonum 
type. The only exception is Casstope 
mertensiana in which Palser (1952) has 
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reported a peculiar mode of development 
which is interpreted by her as a modified 
Allium type. It is stated that as a rule 
wall formation does not occur after the 
first meiotic division but only after the 
second. As to the orientation of ‘the 
cell plate she says: “ The wall generally 
is diagonal and separates two micropylar 
nuclei from two chalazal ones. Oc- 
casionally the wall is almost perpendicular 
with two nuclei on either side of it, or it 
is arc-shaped, separating two central but 
laterally located nuclei from the other 
two which occur terminally. The single 
wall may separate three micropylar nuclei 
from one chalazal one, or rarely the 
reverse. In one bud tetrads were found 
with three cells, the micropylar and 
chalazal with one nucleus, the central 
one binucleate. 

“The embryo sac develops from one of 
the binucleate dyads and is therefore of 
the Allium type. When the wall is 
diagonal, usually the chalazal dyad con- 
tinues to develop; when it is arc-shaped, 
it is usually the terminal cell; when it is 
perpendicular, either cell may function. 
Rarely both the cells go on to the 4- 
nucleate stage before one of them dis- 
integrates. In the few cases where three 
micropylar nuclei are separated from 
the fourth nucleus the embryo sac would 
be of the Polygonum type.” 

It is felt that it might prove worth while 
to investigate the development of the 
embryo sac of Cassiope from material 
collected from different sources to as- 
certain which is the basic mode of develop- 
ment and what’are the variations caused 
by environmental influences. 


OLEACEAE 


Andersson (1931) reported an Allium 
type of embryo sac in Olea chrysophylla 
and ©. europaea. King ( 1938) and Mes- 
seri (1952) have confirmed this in O. 
europaea. 


CUSCUTACEAE 


Johri & Nand (1934) reported an 
Allium type of embryo sac in Cuscuta 
reflexa with the lower dyad cell function- 
ing. However, all other species of Cus- 
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cuta show a monosporic embryo sac of 
the Polygonum type ( Peters, 1908; Mac- 
pherson, 1921; Fedortschuk, 1931; Smith, 
1934; Tiagi, 1951). Since C. reflexa was 
the sole exception Finn (1937) and 
Maheshwari (1941) suggested a rein- 
vestigation. Maheshwari said that,“ such 
a difference is possible but not so probable, 
and it seems that Johri & Nand’s 
observations need confirmation”. 

This reinvestigation has now been 
made by Johri & Tiagi (1952) who 
confirm that C. reflexa has a bisporic 
embryo sac of the Allium type. 


BORAGINACEAE 


An embryo sac of the Allium type has 
been reported by Svensson ( 1925 ) in two 
members of this family, Lycopsis arvensis 
and Anchusa officinalis. The first divi- 
sion of the megaspore mother cell results 
in the formation of two cells which are 
at first of approximately the same size. 
The upper soon begins to show signs of 
degeneration and although its nucleus 
sometimes commences to divide, the 
division is arrested. The lower cell gives 
rise to an 8-nucleate embryo sac. 

A third addition is Ehretia laevis. 
Work done in this laboratory ( Vasil, 
1955) has revealed that here too usually 
the chalazal dyad cell gives rise to the 
embryo sac although sometimes the upper 
may function. 


VERBENACEAE 


Karsten (1891) reported an Allium 
type of embryo sac in Avicennia officinalis. 
Junell (1934) has found the same in 
A. marina var. alba. 


SOLANACEAE 


Most plants of the Solanaceae have 
embryo sacs of the Polygonum type but 
Satina & Blakeslee (1935a), working 
with a group of Datura cultures from 
radium treated pollen, obtained some 
individuals “ with the young microspores 
in dyads instead of tetrads”. In such 
“dyad plants’ the embryo sac was also 
found to arise from the lower dyad cell. 
The formation of dyad cells is attributed 


1955] 


to the presence of a recessive gene named 
“dyads ’. 

Several species of Nicotiana and their 
hybrids, investigated by Modilewski (1936, 
1937a, b) and Modilewski & Dzubenko 
(1937), are reported to have embryo 
sacs of the Allium type. The same is 
true of N. rustica ( Maryanovich, 1939). 
In most other species the embryo sac is 
of the monosporic 8-nucleate type arising 
from the chalazal megaspore of the 
tetrad (see Goodspeed, 1947 ). 


CAPRIFOLIACEAE 


In two species of Viburnum, V. aceri- 
folium and V. lantana, an 8-nucleate 
embryo sac arises from the lower dyad 
cell. In V. acerifolium it is small but 
elongated and the antipodal nuclei are 
ephemeral; in V. lantana it is broader 
and more ovoid and the antipodals are 
quite large and conspicuous ( Suneson, 
1933). Two other species, V. lentago 
and V. mongolicum, have, however, 
been shown to have a monosporic 8- 
nucleate embryo sac ( Moissl, 1941 ). 


COMPOSITAE 


AMMOBIUM — Avanzi (1948) has re- 
ported a bisporic embryo sac in À. alatum. 
The chalazal dyad functions and develops 
into a normal 8-nucleate embryo sac. 
The nucleus in the upper dyad cell may 
undergo one division before degeneration. 

CHRYSANTHEMUM — Harling (195la ) 
has described bisporic development in C. 
anethifolium,C.foeniculaceum,C. frutescens, 
C. jacobaeifolium, and C. webbt, all be- 
longing to the section Argyranthemum. 

Initially there are several megaspore 
mother cells. Another interesting feature 
is that one of the antipodal nuclei enlarges 
considerably and is rendered even more 
conspicuous by its secluded position. 

Tripax — Hjelmqvist (1951) has re- 
ported a very interesting type of develop- 
ment in 7. trilobala. 

The megaspore mother cell is situated 
directly under the nucellar epidermis as 
in other Compositae. Its nucleus divides 
without cell-plate formation and a bi- 
nucleate cell results. A cell-plate is laid 
down only after Meiosis II resulting in a 
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row of three cells of which the middle 
one contains two megaspore nuclei. 

In majority of the cases it is this bi- 
nucleate cell which develops into the 
embryo sac. In other cases, the terminal 
uninucleate cell functions. In the former 
case the embryo sac is bisporic, in the 
latter it is monosporic. 

In view of Hjelmgvist’s findings, 
Maheshwari & Roy (1952) recently 
investigated another species of Tridax, 
namely T. procumbens. This was, how- 
ever, found to have a typical monosporic 
embryo sac without any tendency towards 
bisporic development. 

While true bisporic development also 
occurs in the family in some other cases 
( see list on p. 90 ) there are a few species 
showing a so-called ‘ pseudobisporic ’ 
development. Here the process starts 
as in a tetrasporic embryo sac and no 
cell wall is forıned at any stage during 
the meiotie divisions. But at the 4- 
nucleate stage, just when megasporo- 
genesis has been completed, the 2 
chalazal nuclei become non-functional and 
only the micropylar nuclei take part in 
the further development. One of them 
moves down and takes the place of the 
degenerated chalazal nucleus. Now, after 
two successive divisions, each of these 
nuclei gives rise to a quartet so that 8 
nuclei are formed over and above the 
two non-functional and degenerated chala- 
zal megaspore nuclei. The latter can 
sometimes be seen for a long time in the 
lower end of the mature embryo sac. 

Such embryo sacs can be considered 
bisporic only from the physiological or 
functional viewpoint and have been re- 
corded by Harling (195la) in Anthemis 
austriaca, A. arvensis, A. ruthenica and 
A. peregrina. Palm (1922) described a 
similar origin in Vittadinia triloba. 


ALISMACEAE 


All the members of this family so far 
investigated have been shown to have 
an embryo sac of the Allium type with a 
tendency towards considerable reduction 
in the chalazal end. 

ALISMA — Ward (1880) reported that 
in A. plantago, the megaspore mother cell 
gives rise to two cells, of which the upper 
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divides once but the daughter cells 
quickly degenerate. The lower cell func- 
tions and its nucleus divides thrice to 
give rise to an 8-nucleate embryo sac. 
Fischer ( 1880) noted that the upper cell 
remains undivided and soon degenerates 
while the lower behaves as described by 
Ward. Schaffner ( 1896) interpreted the 
degenerating cell to be a parietal cell and 
considered the development to be of the 
Adoxa type. Sometimes he saw only 
two nuclei at the chalazal end of the 
embryo sac but, believed that he had 
missed the others. Nitzschke (1914) 
differed from all of these workers and 
reported that the megaspore mother cell 
produces four free nuclei of which three 
become cut off at the top by a wall and 
the remaining nucleus divides thrice to 
give rise to the embryo sac. According 
to him the development, would therefore, 
be of the Polygonum type. Dahlgren 
(1928) showed clearly for the first time, 
that there is a hypodermal megaspore 
mother cell which divides into two dyad 
cells of which the lower alone gives rise 
to the embryo sac. Since the two 
chalazal nuclei of the 4-nucleate stage 
do not undergo further division, the 
mature embryo sacs are 6-nucleate. Of 
the two nuclei at the chalazal end, one 
functions as an antipodal and the other 
as a lower polar nucleus. Johri ( 1936a ) 
confirmed Dahlgren’s account and found 
another species, A. plantago-aquatica, to 
be quite similar. He noted, however, that 
in certain cases one or both of the chalazal 
nuclei are able to complete the last divi- 
sion so that the mature embryo sacs have 
more than six nuclei. 

DAMASONIUM, ECHINODORUS, and 
ErısmA — Dahlgren (1928, 1934) also 
investigated Damasonium alisma, Echino- 
dorus ranunculoides, E. macrophyllus, and 
Elisma natans and found all of them to 
have an Allium type of embryo sac con- 
taining five or six nuclei. 

LIMNOPHYTON —L. obtusifolium, in- 
vestigated by Narasimha-Murthy ( 1933 ) 
and Johri (1935a) is similar. Usually 
the embryo sacs are 6-nucleate but 
7- and 8-nucleate sacs were also noted 
in a small percentage of the ovules. 

MACHAEROCARPUS—M. californicus was 
investigated by Maheshwari & Singh 
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(1943) and was also declared to be 
bisporic. The mature embryo sac is 6- 
nucleate owing to reduction at the 
chalazal end. 

SAGITTARIA — Like Alisma this genus 
also has received the attention of several 
workers, Schaffner (1896) investigated 
S. variabilis and reported the embryo sac 
to be 8-nucleate but was unable to 
follow the earlier development. Cook 
( 1907a ), working on S. lancifolia, wrote 
that it is similar to S. variabilis but that 
the antipodals are ephemeral. Dahlgren 
(1934) traced the whole development 
in S. sagittifolia and showed that the 
embryo sac arises from the lower dyad cell 
and is 6-nucleate as in Alisma. This 
has been confirmed by Johri (1935b, c; 
1936a ) for S. sagittifolia as well as three 
other species, viz. S. guayanensis, S. lati- 
folia, and S. graminea, and noted that 
occasionally 7- or 8-nucleate embryo sacs 
are also formed. 


BUTOMACEAE 


Four genera of this family have been 
investigated: Butomopsis, Hydrocleis, Lim- 
nocharis and Butomus. 

Butomopsis — B. lanceolata has been 
investigated in great detail by Johri 
(1936b ). The lower dyad cell functions. 
After the first nuclear division the primary 
chalazal nucleus, which becomes cut off 
by a thin membrane from the rest of the 
embryo sac, does not undergo any further 
division. The mature embryo sac is, 
therefore, 5-nucleate with a single anti- 
podal cell; a lower polar nucleus is absent. 

HYDROCLEIS — In H. nymphoides, Süs- 
senguth (1920) believed to have seen 
evidences for the formation of a tetrad 
of megaspores of which the chalazal gave 
rise to the embryo sac. He was cautious 
enough to add however (p. 15) : “ Das 
Tetradenstadium selbst erhielt ich nicht; 
aus der charakteristischen, stark tin- 
gierten Zellkappe mit ihren pseudopodien 
artigen Anhangen welche der Embryo- 
sackmutterzelle aufsitzt, lasst ich jedoch 
schliessen, dass die unterste von den 4 
Makrosporen die 3 oberen verdrängt 
hat.” Johri (1938b) has shown that 
the densely staining cap is derived from 
the degenerating upper dyad cell and 
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that the lower dyad cell directly gives 
rise to an embryo sac without the forma- 
tion of a tetrad stage. As in Limnocharis, 
the primary chalazal nucleus of the 2- 
nucleate stage has a degenerated appear- 
ance from the very commencement and 
becomes cut off from the rest of the 
embryo sac by a plasma membrane. 
Usually it remains undivided so that 
the embryo sacs are 5-nucleate, but 
sometimes it is able to go through one 
or two divisions resulting in 6-, 7-, or 
8-nucleate embryo sacs. 
LIMNOCHARIS — Hall (1902) studied 
Limnocharis emarginata ( — L. flava) and 
stated that ‘there is a tapetum cut off 
by the archesporial cell, such as is de- 
scribed by Campbell (1897) for Navas, 
and Zannichellia. In Limnocharis, how- 
ever, the tapetal cell is without a wall, 


and it is pushed towards the apex of the 


sac where it disappears in the later stages 
of development. The large cell left after 
the formation of the tapetum becomes 
the embryo sac without further divi- 
sions.” In other words, according to 
Hall, Limnocharis had a tetrasporic em- 
bryo sac. Nitzschke (1914), on the 
other hand, contended that the embryo 
sac is formed from the third megaspore 
of a T-shaped tetrad. 

Johri (1938a ) has shown that both of 
these reports were incorrect and that the 
development is really of the Allium type, 
the embryo sac arising from the lower 
dyad cell. After the 2-nucleate stage, 
the primary chalazal nucleus quickly 
degenerates and is cut off by a thin 
membrane from the rest of the embryo 
sac. The primary micropylar nucleus 
divides twice and produces the egg 
apparatus and upper polar nucleus. The 
mature embryo sac is thus 5-nucleate, 
but occasionally the primary chalazal 
nucleus may divide or fragment resulting 
in the formation of 6, 7 or even 8 
nuclei. Hall mistook the upper dyad 
cell for the primary parietal cell. 

The fourth member of the family, 
Butomus wmbellatus (Holmgren, 1913) 


‘has an embryo sac of the Polygonum type. 


According to the recent investigation of 
Roper ( 1952 ), a T-shaped tetrad is formed 
in which the upper three cells degenerate 
and the chalazal divides to form the 
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embryo sac which is, therefore, confirmed 
to be of the Polygonum type’. 


LEMNACEAE 


In Wolffia arrhiza (Gupta, 1935) and 
W.microscopica (Maheshwari, S. C., 1954) 
the embryo sac arises from the lower dyad 
cell. Concerning Lemna, we had two 
contradictory reports: Jönsson ( 1879/80 ) 
reported Allium type in L. trisulca and 
Caldwell (1899) reported Adoxa type in 
L. minor. Caldwell wrote that in Lemna 
minor ‘the primary sporogenous cell 
seems to develop directly into the mega- 
spores, and as such undergoes a long 
period of rest”. 

Maheshwari ( 1937) expressed a doubt 
about the dependability of Caldwell’s 
observations. In a later review (1946) 
he commented, “A careful study of his 
figures seems to indicate, however, that 
he missed several stages in the early 
development of the embryo sac. A re- 
investigation is desirable ...’”’ Lawalrée’s 
(1952) reinvestigation of Lemna minor, has 
confirmed that the embryo sac is bisporic. 


COMMELINACEAE 


Most members of Commelinaceae like 
Commelina benghalensis (Maheshwari & 
Singh, 1934), Aneilima spiratum (Lakshmi- 
narasimhamurty, 1934), Commelinantia 
pringlei ( Parks, 1935), which have been 
investigated show a monosporic type of 
development. 

Walker (1938) has, however, reported 
bisporic development in Tvadescantia palu- 
dosa. The hypodermal archesporial cell 
enlarges to form a megaspore mother cell. 
The heterotypic division is followed by 
the formation of two unequal dyad cells 
of which the larger and chalazal develops 
into an 8-nucleate embryo sac. 

Walker also investigated the develop- 
ment of embryo sacs of colchicine treated 
plants. In these, megaspore mother cells 
were found with two daughter nuclei 
situated close to one another. It would 
seem that a metaphase plate had been 


6. Roper (1952) has tried to make out a case 
for regarding the embryo sac of Butomopstis as 
monosporic, but his line of argument is not 


likely to convince most botanists. 
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formed but the chromosomes had failed 
to migrate to the poles. 


LILIACEAE 


ALLIUM — Strasburger (1879) demon- 
strated the occurrence of a bisporic 8- 
nucleate type in A. fistulosum. Since then 
several other species have been investi- 
gated, viz. A. ursinum ( Schniewind-Thies, 
1901); A. odorum (Schiirhoff, 1922; 
Modilewski, 1925); A. carinatum, A. 
molybulbiferum, A. paniculatum, A. para- 
doxum, A. rotundum, A. sativum, A. 
scorodoprasum, À. senescens, A. sphaero- 
cephalum, A. unifolium, A. ursinum, A. 
victoriale, A. zebdanense ( Weber, 1929); 
A. neapolitanum, À. nigrum, A. oleraceum, 
A. roseum var. bulbiferum, A. schoeno- 
prasum, A. subhirsutum, A. triquetrum 
(Messeri, 1931); A. cepa ( Jones & Ems- 
weller, 1936); A. govanianum (Sundar 
Rao, 1940); and A. cernuum ( Murphy, 
1946). In all cases it is the lower dyad 
cell which gives rise to the embryo sac’. 
One of the synergids persists for a long 
time and in some cases, viz. A. subhir- 
sutum and A. shoenoprasum ( Messeri, 
1931 ) the antipodal group bears a resem- 
blance to the egg apparatus. Tretjakow 
(1895) found an antipodal embryo in 
A. odorum, which has been confirmed by 
Modilewski in A. odorum. In A. panicula- 
tum ( Modilewski, 1925 ) the embryo sac 
forms a chalazal caecum which progresses 
downward into the nucellus while the anti- 
podal cells are left behind laterally. 

CONVALLARIA — One species of this 
genus, C. majalis, has attracted much 
attention and interest. Wiegand ( 1900 ) 
reported that the first division of the 
megaspore mother cell gives rise to two 
dyad cells of which the outer is the larger. 
The next division is not accompanied by 
wall formation. Instead, the four nuclei, 
two in each cell, divide simultaneously. 
After a while the partition wall between 
the upper and lower quarters breaks down 
resulting in the formation of an 8- 
nucleate embryo sac. According to this 
account the development would be of the 
Adoxa type. 


7. One species, A. mutabile, is reported to have 
an embryo sac of the Polygonum type ( Porter, 


1936 ). 


{ March 


Schniewind-Thies ( 1901 ), on the other 
hand, reported that the megaspore mother 
cell produced a row of four cells, only 
one of which functions to produce the 
embryo sac while the remaining three 
degenerate, i.e. the embryo sac is of the 
Polygonum type. 

Stenar (1941) has reinvestigated the 
plant, basing his studies on material 
fixed from plants growing in their natural 
habitat. He has shown that the first 
division of the megaspore mother cell is 
followed by wall formation and results 
in the formation of two dyad cells, but 
the walls laid down after the second 
division are very thin and ephemeral so 
that we once again get the original dyad 
cells each of which contains two nuclei. 
The micropylar dyad cell is at first larger 
and more vacuolated than the chalazal, 
but gradually the latter increases in size 
and dominates the micropylar cell. The 
two nuclei of the chalazal dyad cell divide 
to form four and then the eight nuclei 
of the mature embryo sac. The develop- 
ment is, therefore, of the Allium type, the 
interesting point being that it starts like 
a monosporic type but is actually bisporic 
due to the early dissolution of the cell 
walls in the dyad cells. 

LEUCOCORYNE — In L. ixioides, Cave 
(1939) finds that “the macrospore mother 
cell divides giving rise to eight nuclei 
which become arranged in the normal 
way. This behaviour is similar to that 
in Allium and Nothoscordum”’. The 
figures indicate that the upper dyad cell 
degenerates and the lower dyad cell gives 
rise to the embryo sac. The author 
incorrectly designates dyad cells as 
“ macrospores ’. 

NOTHOSCORDUM — In N. fragrans, both 
Messeri (1931) and Stenar (1932) have 
reported an embryo sac of the Allium 
type. There may be more than three 
antipodal cells one of which sometimes 
looks like an egg and the others show a 
weakly developed filiform apparatus offer- 
ing a resemblance to the synergids. In 
another species of this genus, N. bivalve, 
the development is of the Normal type 
(Ecklés, 219419; 

PARIS — In P. quadrifolia Ernst ( 1902 ) 
has recorded a bisporic embryo sac arising 
from the lower dyad cell. The upper 
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dyad cell also undergoes a division but 
both the daughter cells formed from it 
soon disorganize. 

POLYGONATUM— Jönsson (1879/1880) 
investigated P. odoratum. He said that 
the megaspore mother cell gave rise to 
three daughter cells of which the chalazal 
divides further to give rise to the embryo 
sac. Mellink’s (1880) account is more 
or less similar. 

On the basis of these accounts Schnarf 
( 1931 ) interpreted the embryo sac as of 
Polygonum type. 

However, there was room for doubt 
because the row of three cells admitted 
both possibilities — Polygonum type as 
well as Allium type. It is of interest to 
note that Stenar (1953 ) actually reports 
the embryo sac to be of the Allium type. 
The exact mode of development corres- 
ponds to that of Convallaria majalis 
investigated by his ownself (Stenar, 
1941). The only important distinction 
between Convallaria majalis and P. odo- 
yatum is that in the former the upper 
dyad cell plays the dominant role (at 
least in the beginning ), while in P. odora- 
tum it is the lower which enlarges and 
ultimately gives rise to the embryo sac. 

Stenar reports a similar development 
in two other species, P. multiflorum and 
P. latifolium. 

Ruscus —R. aculeatus (De Phillipis, 
1936 ) is subdioecious; some flowers are 
definitely carpellate, but others have both 
carpels and stamens. In the latter the 
carpels eventually degenerate leaving the 
flowers functionally staminate. Only a 
few flowers continue to mature with both 
stamens and carpels. In the carpellate 
flowers the embryo sac develops according 
to the Allium type; in the staminate there 
is tetrad formation. Such a difference 
between the flowers of the same species 
is not likely. 

SCILLA — S. hispanica was among the 
earliest plants shown to have a bisporic 
8-nucleate embryo sac (Treub & Mel- 
link, 1880). Since then several other 
species of the genus have been found to 
show a similar type of development: 
S. nutans, S. patula (Guignard, 1882), 
S. hyacinthoides (McKenney, 1898), S. 
sibirica ( Schniewind-Thies, 1901 ), S. cam- 
panulata (McKenney, 1898; Hoare, 1934 ) 
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and S. nonscripta ( Hoare, 1934). Either 
of the two dyad cells may function. In 
those cases where the upper cell functions 
and gives rise to the embryo sac, the lower 
(often called an ‘antigone’), also de- 
velops concurrently up to the 4- 
nucleate stage. It is believed to assist 
in passing nutriment to the functional 
embryo sac, for its nuclei have sometimes 
been found to remain in an active condi- 
tion even up to the time the upper cell 
shows a 32-nucleate stage of the endo- 
sperm. Frequently the nuclei of the 
antigone are arranged in line with the 
antipodals, as though they were associated 
for the same purpose ( Hoare, 1934), 

In S. maritima Schniewind-Thies ( 1901 ) 
often counted 7-8 chromosomes in the 
upper nuclei of the embryo sac but 8-15 
in the lower; 16 chromosomes were also 
counted in the nuclei of the small basal 
cell. Palm (1915, p. 47) explains this 
as due to the more favourable position 
of the lower dyad cell and of the chalazal 
nuclei of the embryo sac, but this does 
not appear quite logical; for if the chalazal 
part is the one which receives more 
nutrition, why should the chalazal dyad 
cell not give rise to the embryo sac instead 
of letting this function be taken over by 
the micropylar. It is more probable that 
we have here a fusion of some of the 
chalazal nuclei as in Lilium, Fritillaria 
(see Maheshwari, 1947) and Epipactis 
(Brown & Sharp, 1911) but this is a 
point that needs verification. 

An important point to be noted here is 
that hitherto the Allium type of embryo 
sac was considered to be a characteristic 
feature of the genus Scilla as a whole. 
Recently it has been reported, however, 
that in S. indica (Govindappa & Sheriff, 
1951) and S. hyacinthina ( Sulbha, 1954) 
the embryo sac is of the Polygonum type. 

SMILACINA — McAllister (1909, 1913, 
1914) reported that in S. racemosa and S. 
amplexicaulis the first division of the 
megaspore mother cell gives rise to a 
larger outer and a smaller inner dyad 
cell, The next division takes place in 
both these cells and conspicuous cell plates 
are also formed, but these disappear to 
give rise to two unequal binucleate cells. 
Further development was not followed in 
S. amplexicaulis, but was presumed to be 
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similar to that in the other species, i.e. of 
the Allium type with the upper dyad cell 
functioning. 

Recently Gorham ( 1953 ) reinvestigated 
S. racemosa and has confirmed its bisporic 
nature. S. amplexicaulis, which was for- 
merly considered to be a different species, 
is now thought to be the same as S. race- 
mosa®. 

STREPTOPUS—McAllister ( 1914, p. 141) 
has also described the development of 
the embryo sac in S. roseus. The first 
division of the megaspore mother cell 
results in the formation of two dyad cells 
of approximately similar size. The sub- 
sequent history is somewhat confused. 
“ Before the outer cell has been complete- 
ly disorganized, the inner daughter cell 
divides, forming, in some cases, at least, 
2 fully separated daughter cells. In most 
cases, however, the partition wall is 
lacking either not having been formed or 
having degenerated after formation. It 
is of course impossible to determine 
whether a partition wall is formed in all 
cases, but since the evidence is clear that 
it is frequently formed, it seems reasonable 
to expect that it is formed in all cases 
and subsequently undergoes degenera- 
tion.’ McAllister’s figs. 33 and 34 show, 
however, a concurrent development of 
what appear to be the third and fourth 
megaspores, in which case the cap of 
disorganized tissue at the micropylar end 
may well represent the remains of the 
non-functional dyad cell or its derivatives. 
Should this interpretation be correct, the 
development is of the Polygonum type. 
Only a reinvestigation can settle this point. 

TRILLIUM — Ernst ( 1902) gave a brief 
account of the development of the embryo 
sac in T. grandiflorum saying that two 
megaspore nuclei enter into its formation, 


8. Gorham (1953) states that in Smilacina 
racemosa the archesporial cell is situated below 
two layers, epidermis and hypodermis. Accord- 
ing to her there is no evidence of ‘‘ any ’’ previous 
division into megaspore mother cell and parietal 
cell. However, it seems quite logical to interpret 
her fig. 1 as showing the hypodermal archespo- 
rial cell already divided to form the primary 
parietal cell and the sporogenous or megaspore 
mother cell. In fig. 2 the parietal cell has 
undergone two divisions while the megaspore 
mother cell is in the synizesis stage. In fig. 3 
the mother cell is in the metaphase of meiosis I 
( see also Sulbha, 1954 ). 
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i.e. the development is of the Allium type. 
Coulter & Chamberlain (1903), on the 
other hand, mentioned an axial row of 
four megaspores in 7. recurvatum and 
reported that the embryo sac is derived 
from the chalazal megaspore. Heatley 
(1916) investigated 7. cernuum and 
found it to be similar to T. grandiflorum. 
Further, she noted a strong resemblance 
between Coulter & Chamberlain’s figures 
of T. recurvatum and those of the other 
two species named above. When this 
point was referred by her to Dr. Chamber- 
lain, the latter agreed with her inter- 
pretation. | 

In a later work on T. sessile, Spangler 
(1925, p. 219) says that “at no time is 
there any indication of wall formation 
between the nuclei formed by the homo- 
typic division ”. The two micropylar 
megaspore nuclei “do not function but 
soon degenerate ” and are absorbed by 
the rapidly growing chalazal dyad cell. 

It may, therefore, be concluded that 
four species of the genus, viz. T. cernuum, 
T. grandiflorum, T. recurvatum and T. 
sessile, have an Allium type of embryo 
sac. 

Quite different from these is the account 
of Jeffrey & Haertl (1939a, b) which 
deals with four species, 7. erectum T. grandi- 
florum, T. sessile and T. undulatum of which 
the first two were studied in more detail. 
Here a row of four megaspores is reported 
and the embryo sac is said to originate 
from “the single surviving cell of the 
ovular reproductive tetrad’. It is not 
mentioned as to which of the four cells 
functions, but in the absence of a definite 
statement this may be assumed to be the 
chalazal. The next two divisions result 
in the formation of four nuclei, “ which 
are characteristic of the fully developed 
embryo sac in the genus”. The author 
further adds: “ In this respect it resembles 
certain Onagraceae and Orchidaceae. 
Occasionally the 8 nuclei, which are 
normal for the embryo sac are formed but 
this condition is essentially unusual and 
does not result in the production of an 
embryo.” 

This account has already been criticized 
by Maheshwari ( 1947). Swamy ( 1948), 
who has made a detailed investigation of 
the embryology of T. erectum and T, 
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grandiflorum, confirms that in both cases 
the embryo sacs are of the Allium type. 
Jeffrey & Haertl’s interpretations, there- 
fore, remain unconfirmed and while further 
work on Trillium would be welcome, on 
the basis of present information it may 
be concluded that the genus Trillium 
comes under the Allium type. 

TULBAGHIA — Stenar (1933) has re- 
corded Allium type in T. violacea. 


AMARYLLIDACEAE 


Crinum — Stenar (1925) studied two 
species of Crinum, namely C. latifolium 
and C. longifolium. In both cases the 
embryo sac arises from the lower dyad 
cell and this has been confirmed for C. 
latifolium by Tomita (1931). 

Schlimbach ( 1924) had earlier reported 
Adoxa type in C. asiaticum. But he did 
not offer any illustrations to support his 
statement. It is likely that in this case 
too a bisporic condition prevails, but a 
reinvestigation is necessary. 

FORBESIA — De Vos (1949) has re- 
ported Allium type of development in F. 
plicata (subfamily Hypoxideae). The 
development differs from other members 
of Hypoxideae which have been inves- 
tigated. Stenar (1925) found the Poly- 
gonum type in Curculigo recurvata and 
the same is true of Pauridia minuta ( see 
also de Vos, 1949). 

Hyroxıs — Stenar (1925) found Al- 
lium type in H. decumbens. 


XYRIDACEAE 


The only embryological work done on 
this family, until recently, was that by 
Weinzieher ( 1914) on Xyris indica. He 
recorded a Polygonum type of embryo 
sac. 

Very recently Govindappa (1953) in- 
vestigated another species of the same 
genus, X. pauciflora. Contrary to the 
expectations, here he finds the embryo 
sac to be bisporic, although it starts as in 
monosporic forms. The megaspore mother 
cell divides to form two dyad cells of which 
the micropylar soon degenerates. Division 
of the lower dyad cell is followed by cell- 
plate formation. This cell-plate is, how- 
ever, very transitory and two megaspore 
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nuclei take part in the development. The 
embryo sac is, therefore, bisporic. 


ORCHIDACEAE 


ACHROANTHES — In A. monophyllos, 
studied by Stenar ( 1937a), the chalazal 
dyad cell gives rise to the embryo sac. 
The 4-nucleate stage shows an appreci- 
able difference in the relative sizes of the 
micropylar and chalazal nuclei. The 
latter are much smaller and usually do 
not divide further, so that the mature 
embryo sac is 6-nucleate. 

CYMBIDIUM — Swamy (1942) investi- 
gated the development of the embryo 
sac in Cymbidium bicolor. The develop- 
ment is bisporic. The megaspore mother 
cell divides to form two dyad cells, out of 
which the lower enlarges and forms an 
8-nucleate embryo sac. In some cases 
the nuclear divisions are suppressed at 
the antipodal end or they show a belated 
development, so that occasionally only 
6-nucleate embryo sacs are seen. The 
difference is often noticeable even at the 
4-nucleate stage. 

CYPRIPEDIUM — Pace (1907) studied 
four species of this genus, viz. C. spectabile 
(=C. hirsutum Mill), C. parviflorum, C. 
pubescens (=C. parviflorum var. pubescens) 
and C. candidum. Of the two dyad cells, 
the chalazal begins to grow in size while 
the micropylar soon shows signs of 
degeneration. The nucleus in the favour- 
ed cell now divides to give rise to the 2- 
and 4-nucleate stages. “No evidence 
of another division was found, although 
at least three hundred slides with hun- 
dreds of ovules upon each were examined 
for this particular stage.” One of the 
micropylar nuclei becomes the egg and 
the other a synergid; the second synergid 
is said to be formed by one of the chalazal 
nuclei, and the remaining nucleus func- 
tions as the single polar nucleus. At the 
time of fertilization, one of the synergid 
nuclei is said to be pushed downward 
by the pollen tube and forced, as it were, 
to take part in triple fusion. 

Pace’s account was subjected to much 
criticism by a number of embryologists. 
Further, her statement that, “ when the 
sac is ready for fertilization, four nuclei 
are present, so that if other nuclei are 
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formed they are very ephemeral”’, in- 
dicates some confusion in her mind. 

In her study of C. guttatum, Prosina 
(1930) found that up to the 4-nucleate 
stage the development is quite similar 
to that described by Pace, but the two 
micropylar nuclei now divide again do 
give rise to the usual quartet. Three 
nuclei enter into the formation of the 
egg apparatus and the fourth serves as 
the upper polar nucleus. The chalazal 
nuclei do not show a uniform behaviour. 
Most often they remain undivided and 
appear like two darkly stained blobs; 
sometimes they degenerate and disappear 
so that the embryo sac is seemingly only 
4-nucleate; and in still other cases 
division begins, but the spindles fuse so 
as to produce two diploid nuclei or even 
a single restitution nucleus. Sometimes, 
but not always, one of the two chalazal 
nuclei was found to move up and fuse 
with the upper polar nucleus. 

Prosina’s account has now been con- 
firmed for several other species of the 
genus. Thus, Oberhammer (quoted in 
Schnarf, 1936, p. 577) has found the 
same sequence of events in C. calceolus, 
Carlson (1945) in C. parviflorum, and 
Swamy (1945) in C. spectabile. In all 
these species the embryo sac is bisporic 
and has a normal micropylar quartet 
giving rise to a three-celled egg apparatus 
and the upper polar nucleus. At the 
chalazal end the last division is usually 
omitted, and the two nuclei may remain 
apart, or lie in contact, or even fuse to 
give rise to a single nucleus. Sometimes 
one or both may divide giving rise to a 
7- or 8-nucleate embryo sac. 

Pace’s theory of a 4-nucleate embryo 
sac in Cypripedium and the fusion of one 
synergid nucleus with the second male 
gamete and upper polar nucleus has thus 
been proved to be untenable. 

LISTERA — Hagerup (1947) has pre- 
sented a series of figures on the develop- 
ment of the embryo sac in L. ovata ( mate- 
rial collected from Denmark ). Apparent- 
ly the lower dyad cell functions. Develop- 
ment is said to stop after the 4-nucleate 
stage. ‘No antipodals are formed, and 
the mature embryo sac merely seems to 
contain 4 nuclei; the lower of these ( the 
polar nucleus ) may, however, divide, so 
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that it consists of two or more partly 
fused nuclei.’’’. ; 

NEOTTIA — Only one species, N. nidus 
avis, has been investigated ( Modilewski, 
1918). The embryo sac is 6-nucleate 
owing to a failure of the last division at 
the chalazal end. 

PAPHIOPEDILUM — A type of develop- 
ment essentially similar to Cypripedium 
occurs in several species of Paphiopedilum: 
P. insigne ( Afzelius, 1916), P. leeanum, 
P. barbatum, P. spicerianum, P. venustum 
and P. villosum ( Francini, 1931). 


Excluded or Doubtful Cases 


SAURURACEAE 


SAURURUS — Johnson (1900, pp. 366- 
367) writes that in S. cernuus “ the 
definitive archesporial cell or macrospore 
mother cell divides by mitosis into an 
upper and a lower cell, of which the 
upper divides once more while the lower 
immediately develops into the functional 
macrospore or embryo sac mother cell!®, 
which pushes downward into the nucellus 
and upward to destroy the two degenerat- 
ing macrospores above’’. Further on, he 
says, ‘ the first division of the macrospore 
is transverse, and the following divisions 
apparently occur in the normal manner, 
as we find a little later an eight-nucleate 
and then a typical seven-nucleate embryo 
Sac 

In support of this brief statement the 
author presents two figures, one of which 
(his fig. 3) is interpreted to show the 
“tip of nucellus with tapetal cells, one 
functional and two degenerating embryo 
sac mother cells ”, and the other (fig. 1) 


9. Tuschnajakova (1929) reported an 8- 
nucleate embryo sac in material collected from 
Russia, but Hagerup (1947) attributes this to 
poor fixation. Maheshwari & Narayanaswami 
(1951 ), however, consider that possibly Hagerup 
missed some critical stages in the development. 

10. Throughout his paper, Johnson uses the 
term ‘embryo sac mother cell’ to denote the 
functional megaspore. This terminology, found 
in the papers of several older workers, has long 
since been abandoned. Megaspore (or macro- 
spore) mother celland embryo sac mother cell are 
now regarded as synonymous. The megaspore 
mother cell gives rise to the two dyad cells which 
in turn give rise to the megaspores, 
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a “longitudinal section of ovule with 
mature embryo sac ”. 

From Johnson’s statements it would 
appear that the megaspore mother cell 
divides into the two dyad cells, of which 
the upper divides once again while the 
lower gives rise to the embryo sac. This, 
however, is only a supposition for which 
he presents no factual support and it 
may well be that the row of three cells 
originated by a transverse division of the 
lower dyad cell in which case the embryo 
sac would be monosporic and not bisporic. 
Further, his fig. 3 can also be interpreted 
as showing a row of four megaspores 
( chalazal functioning ) and one wall cell. 

The only safe conclusion that can be 
drawn at present is that nothing is 
known about the development of the 
embryo sac in Saururus except that it 
is not tetrasporic!! and contains eight 
nuclei at maturity. 


SALICACEAE 


SALIX — Chamberlain (1897) studied 
_ five species of Salix, paying special atten- 
tion to S. petiolaris and S. glaucophylla. He 
reported (p. 6) that “ almost always ”, 
the megaspore mother cell, “ divides into 
two cells, a smaller one nearer the micro- 
pyle, and the larger one which becomes 
the fertile macrospore. The smaller cell 
either undergoes one transverse division, 
thus giving rise to two potential macro- 
spores, or it does not divide at all. In 
a case like fig. 17 there is a possibility 
that the two smaller cells may have 
been cut off in succession from the larger 
cell, but as no mitotic figures were found 
in this stage this question cannot be 
settled.” Elsewhere he says: ‘“ Some- 
times the macrospore mother cell does 
not divide but develops directly into the 
macrospore. If any potential macro- 
spores have been cut off, they are crowded 
and absorbed by the growing fertile 


11. This seems to be a point of some interest. 
Saururus had previously been included as a 
member of the Piperaceae. Engler & Diels 
(1936) have removed this together with 
Anemopsis and Houttuynia from the Piperaceae 
and placed it in a new family Saururaceae. The 
occurrence of a tetrasporic embryo sac in the 
Piperaceae and its absense in the Saururaceae 
supports Engler’s views in a striking manner, 
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macrospore until nothing remains of them 
but a refractive cap, and even this soon 
disappears.” 

From these vague statements one may 
conclude that the embryo sac may develop 
in any one of three possible ways: Poly- 
gonum type, Allium type and Adoxa 
type. Earlier, Jonsson ( 1879/1880) re- 
ported the Polygonum type in S. fragilis 
and S. aurita, and Hakansson (1929) 
confirmed this in S. viminalis and S. 
caprea. Fagerlind ( 1938a, p. 465), who 
discussed this question in detail, considered 
that the development follows the Poly- 
gonum type and that the occurrence of 
the Allium and Adoxa types had not 
been established in any species of Salix. 
Recently Maheshwari & Roy (1951) 
reinvestigated the embryo sac of Salix 
and confirmed its monosporic nature. 
Chamberlain’s fig. 17, interpreted by 
him as a functioning dyad cell with two 
degenerating cells on top (products of 
division of the upper dyad cell, according 
to him), probably shows instead the 
degenerating upper dyad cell and the 
two megaspores derived from the lower 
dyad cell of which the chalazal one is 
enlarging. Or, perhaps the tetrad was 
T-shaped and one of the megaspores was 
lying in an adjacent section so that only 
a row of three cells was visible. From 
Chamberlain’s statements it appears that 
he did not consider it to be of much im- 
portance to establish whether the embryo 
sac developed by one method or the 
other. 

PopuLus — Graf (1921) reported a 
bisporic embryo sac in Populus canadensis 
and P. tremula. But apparently the 
author was not quite sure of his own 
statements. Nagaraj ( 1952) recently in- 
vestigated P. deltoides and P. tremuloides, 
and found both to be monosporic. It now 
seems certain that Graf was incorrect. 


LORANTHACEAE 


According to Billings (1933) who in- 
vestigated two species of Phoradendron, 
P. villosum and P. flavescens, there are 
two archesporial cells which function 
directly as megaspore mother cells. No 
mention is made of the 2- and 4- 
nucleate stage but “ after completion of 
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the 4-nucleate stage within the placenta, 
each embryo sac develops what appears 
to be a haustorial growth, tubular in 
form, that passes laterally outwards, or 
else downwards, the direction depending 
on the depth of the space between. the 
placental base and the carpels. After 
passing under this space, the growth 
turns sharply upwards within the tissue 
of the carpel”. Two of the four nuclei 
accompany the outgrowth, keeping just 
back of its tip. Of these the upper is 
said to divide twice to produce one 
quartet which gives rise to the egg and 
three synergids. The second nucleus 
divides to form two polar nuclei. The 
other two nuclei, which remain behind in 
the placental portion of the embryo sac, 
usually remain undivided. If these also 
divide, as sometimes happens, the embryo 
sacs are 10-nucleate. 

Billings concludes that Phoradendron 
shows the Lilium (= Adoxa) type of 
embryo sac development “in the main ”, 
“though the origin of the primary endo- 
sperm nucleus is different ”’. 

In commenting on this account Fager- 
lind (1939) writes: “ In Billings Arbeit 
fehlen jedoch sichere Bewise dafiir, dass 
der Embryosack wirklich tetrasporisch 
ist. Ich halte dies aber fiir so gut wie 
sicher, da nur in diesem Fall die Anzahl 
Teilungsschritte mit den bei früher 
bekannten Fallen (Tanacetum, Crucia- 
nella, Ulmus and Limnanthes have been 
mentioned ) vorkommenden übereinstimmt 
und da der vierkernige Embryosack gar 
keine Vakulisierung aufweist.” 

If Phoradendron does really have a 
tetrasporic embryo sac, this would be 
quite remarkable, but there are many 
difficulties in accepting such an inter- 
pretation. In the first place, the embryo 
sacs of all other Viscoideae are bisporic. 
Secondly, Billings does not figure or 
describe the stages intervening between 
the megaspore mother cell and the 4- 
nucleate embryo sac and it seems quite 
possible that he missed some of them. 
Finally his account of the origin of the 
last stage (8- or 10-nucleate condition ) 
is questionable, particularly in regard to 
the occurrence of three synergids and the 
unique mode of origin of the secondary 
nucleus. 
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Regarding Fagerlind’s emphasis on the 
lack of vacuolation in Billings’ fig. 8 of 
the 4-nucleate stage of P. villosum, it 
appears that this cannot be considered 
as an indubitable proof of its tetrasporic 
nature for it is difficult to apply the 
usual criteria to a family like the Lorantha- 
ceae in which the embryo sacs have an 
extremely abnormal and weird organiza- 
tion. In Korthalsella dacrydi too ( Ruti- 
shauser, 1935 ) in which an Allium type of 
embryo sac has been definitely demon- 
strated, there is no appreciable vacuolation 
at the newly formed 4-nucleate stage 
(see his figs. 7c, 8a, and 8b; embryo 
sac on left ) and the only 4-nucleate stage 
figured by Billings for P. flavescens ( see 
his fig. 10) does show very prominent 
vacuolation. 


HYDNORACEAE 


Chodat (1916) reported the Allium 
type of embryo sac in Prosopanche 
bertoniensis, while Dastur ( 1921 ) reported 
Adoxa type in Hydnora africana. Both 
of these accounts are probably incorrect 
and the two genera deserve to be re- 
investigated. 


CARYOPHYLLACEAE 


Fischer ( 1880, p. 114) wrote that the 
embryo sac in Sabulina longifolia de- 
veloped directly from the basal dyad, 
“Die untere primare Tochterzelle wird 
zur Embryosackzelle und verdrängt die 
obere, welche bald der Auflösung an- 
heimfällt ”. 

Rocen (1927) has already questioned 
this. In his monograph, “ Zur Embryo- 
logie der Centrospermen ”, he comments, 
“ Obwohl ich nun nicht gerade seine Art 
untersucht habe, sondern nur den ihr so 
nahe stehenden Typus Ammodenia pep- 
loides, bei welcher der normale Tetra- 
denteilungsverlauf vorliegt, muss ich seine 
Angabe bezweifeln ”. 


SAXIFRAGACEAE 


Himmelbaur (1911) reported “ eine 
Dreiheit von generativen Zellen ”’ in Ribes 
pallidum. Mauritzon ( 1933, p. 87) com- 
ments as follows: “ Er scheint nicht 
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sicher zu sein ob die Embryosackentwick- 
lung nach dem Normal oder nach dem 
Scilla — Typus stattfindet. Ich nehme 
an dass die Entwicklung nach dem 
- Normaltypus erfolgt und dass Himmel- 
baur die vierte zunächst untere Zelle in 
der Tetrade übersehen hat, von der ich 
glaube dass sie in seiner Fig. 11 angedeutet 
ist. Es wäre solchenfalls nicht das einzi- 
gemal wo dieser Verfasser von ihm 
gesehenes fehlerhaft deutet.” 


MIMOSACEAE 


Jönsson ( 1879/80) reported a bisporic 
embryo sac in Acacia rostellifera. This 
is certainly incorrect for Guignard ( 1881 ) 
demonstrated Polygonum type in three 
species of Acacia and Newman ( 1934) in 
A. baileyana. 


PAPILIONACEAE 


According to Guignard (1881) the 
embryo sacs of Lupinus luteus and L. poly- 
phyllus are bisporic. In the light of our 
existing knowledge this must be regarded 
as very doubtful and both species need 
to be reinvestigated. 

Jönsson (1879/1880) reported a bisporic 
embryo sac in Lathyrus odoratus. This 
too appears to be incorrect; Roy (1938) 
reports the Polygonum type in Lathyrus 
sativus. 


RUTACEAE 


Mauritzon (1935) stated that in Xan- 
thoxylum alatum and X. bungei the develop- 
ment could sometimes follow the Allium 
or Adoxa type. As Fagerlind ( 1939 ) 
points out, the peculiar appearances seen 
by Maurtizon are due to the occurrence 
of apospory and it is surprising that he 
did not take this possibility into con- 
sideration. We may conclude, therefore, 
that the Allium type does not occur here. 


EUPHORBIACEAE 


Srivastava & Agarwal (1953) inves- 
tigated the embryology of Chrozophora 
rottleri. They reported a bisporic embryo 
sac, 
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Kapil (1955) has recently investigated 
the embryology of C. obliqua, a local 
species of the same genus. He reports 
that the megaspore mother cell produces 
a row of three cells of which the upper- 
most is an undivided dyad cell. The 
chalazal megaspore is functional and 
gives rise to an 8-nucleate embryo sac 
so that the development is monosporic 
(Polygonum type). Kapil concludes: 
“ This work is at variance with Srivastava 
& Agarwal’s (1953) report that in C. 
rottleri the embryo sac is bisporic and the 
endosperm remains nuclear throughout.” 


CELASTRACEAE 


Jönsson (1879/1880) reported a bisporic 
development in Evonymus latifolius. In 
his fig. 34 he presents a row of three 
cells. The wall between the two lower 
cells is said to be swollen and mucilaginous, 
and convex towards the upper side, and 
Jonsson thinks this to be the partition 
which divided the mother cell into two 
daughter cells. On the other hand, the 
wall between the two upper cells is of a 
different type. This he thinks to be a 
product of vegetative activity and the 
uppermost cell is interpreted as a parietal 
cell. The chalazal cell is said to give 
rise to the embryo sac and thus the 
development is interpreted to be of 
Allium type. 

Andersson (1931), who reinvestigated 
several species of Evonymus, found the 
develpoment to be of the Polygonum type 
with megaspore tetrads of either the linear 
or the T-shaped type. There is no parietal 
cell, as the megaspore mother cell arises 
in the layer just below the epidermis. 
Andersson suggests that fig. 34 of Jünsson 
is actually a tetrad and has been in- 
correctly drawn as a triad. He writes: 
‘ Die von Jönsson angegebene dicke Wand 
habe ich nicht beobachtet. Vielleicht ist 
es eine degenerierende Makrospore gewe- 
Sen“ 


3ALSAMINACEAE 


Ottley ( 1918) investigated the embryo- 
logy of Impatiens sultant and says, ” the 
embryo sac seems to arise directly from 
the megaspore mother cell as in Lilium” 
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At another place, however, she writes: 
“The embryo sac is thus derived from 
two megaspores as in Viscum articulatum 
of the Archichlamydeae and in Trillium 
and several other monocotyledons.” 
Recently Steffen (1951) has investi- 
gated another species, J. glanduligera, and 
found this to have monosporic 8-nucle- 
ate embryo sac arising from the chalazal 
cell of a normal tetrad of megaspores. 
Ottley’s mutually contradictory state- 
ments have, therefore, little or no value. 


CACTACEAE 


Two cases of the occurrence of bisporic 
embryo sacs have been reported: in Phyllo- 
cactus (d’Hubert, 1896) and Opuntia 
aurantiaca ( Archibald, 1939). The former 
report has already been criticized by 
Dahlgren ( 1927) and Mauritzon ( 1934 ). 
Regarding Opuntia Archibald wrote: “The 
megaspore mother cell divides giving the 
two-celled dyad stage (Fig. 14} and a 
further division of the lower dyad cell 
cell gives a row of three cells, the upper- 
most being an undivided dyad cell ( Fig. 
16). It is this uppermost or micropylar 
which forms the 8-nucleate bisporic 
embryo sac ( Figs. 17, 18).” 

The figures presented by Archibald in 
support of the above statements are far 
from convincing. Recently, in another 
species, O. dillenii, Tiagi (1954) and 
Maheshwari & Chopra (1955) have shown 


that the embryo sac is monosporic 
8-nucleate. Tiagi reports one case, where 
indications of a bisporic embryo sac 


were seen but Maheshwari & Chopra 
(1955) conclude that ‘no great signi- 
ficance can be attached toit”. Thus Archi- 
bald’s report remains unsubstantiated. 


CYNOMORIACEAE 


Steindl (1945) notes that in Cyno- 
morium coccineum the development is 
usually of the Polygonum type but some- 
times only a row of three cells is seen. 
This is said to consist of a lower undivided 
dyad cell and two megaspores arising 
from the division of the upper dyad cell. 
If this interpretation is correct, the 
development would be of the Allium 
type, but it is just as likely that the row 
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of three cells comprises the undivided 
upper dyad cell and two megaspores. 
Should this latter interpretation tum 
out to be correct, the embryo sac would 
be monosporic. In any case a reinvesti- 
gation is desirable. 


UMBELLIFERAE 


Häkansson ( 1923) reported a bisporic 
embryo sac in Bupleurum aureum. How- 
ever, in B. junceum and most other plants 
of the family the Polygonum type occurs. 
B. aureum deserves to be reinvestigated. 


ASCLEPIADACEAE 


Seefeldner (1912) reported a bisporic 
embryo sac in .Cynanchum vincetoxicum. 
Pardi (1933) has corrected this and de- 
mostrated the occurrence of a T-shaped 
tetrad of megaspores. 


POLEMONIACEAE 


Jonsson (1879/1880) reported a bisporic 
embryo sac in Polemonium coeruleum. 
This account is, however, very old and 
needs confirmation. 


GESNERIACEAE 


Cook ( 1907b ) investigated the embryo- 
logy of Rhytidophyllum crenulatum. He 
cites one instance of the archesporial cell 
having divided into two megaspores. 
More frequently the development is said 
to be of the Adoxa type. Neither of the 
two statements can be accepted without 
confirmation. 


RUBIACEAE 


Karsten (1891) reported a bisporic 
embryo sac in Scyphiphora hydrophyl- 
lacea. Since most of the recently in- 
vestigated members of the family are 
known to have monosporic or tetrasporic 
embryo sacs, Karsten’s account cannot 
be accepted without confirmation. 


PANDANACEAE 


Until a few years ago the only work on 
the embryo sac of Pandanus was that of 
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Campbell who wrote four papers on the 
subject. Since the last (1911) is the 
most exhaustive and also incorporates 
his previous observations only this will 
be referred to here. The material, which 
was collected mostly from Bogor ( Buiten- 
zorg ) in Java, consisted of three species: 
P. artocarpus, P. affinis and P. odoratis- 
simus; a fourth one, P. coronatus Martelli 
(= P. tectorius Soland ) was subsequently 
obtained from the Phillipine Islands. 

In P. artocarpus, which furnished most 
of the preparations used for his study, the 
megaspore mother cell gives rise to two 
cells of which the upper divides by a 
transverse wall and “these two small 
cells persist with little change for some 
time, but they finally disintegrate and are 
visible only as two small, darkly stained, 
shrunken bodies lying above the apex of 
the embryo sac. In these early stages 
Pandanus closely resembles the ordinary 
angiosperms, except for the vertical divi- 
sion in the upper sporogenous cell. It 
differs from Peperomia and Gunnera, which 
in some respects resemble it more nearly 
than any other angiosperm, in the 
formation of three cells which may be 
interpreted as megaspores, instead of 
having the primary sporogenous cell 
develop directly into the embryo sac ”. 

The lower of the two cells, formed by 
the first division of the megaspore mother 
cell, now divides, one of the daughter 
nuclei moving to the upper end of the sac, 
the other to the chalazal end. “The 
two nuclei are quite similar in appearance 
and the cytoplasm still fills the whole 
cavity of the sac, although there are 
several vacuoles. These vacuoles finally 
unite, and by the time the second mitosis 
is complete, a single large vacuole occupies 
the greater part of the sac, the cytoplasm 
being mainly confined to the ends, 
while there is only a thin layer lining the 
lateral walls. 

“Up to this point Pandanus agrees 
exactly with the typical Angiosperms, but 
the later history of the embryo sac is 
decidedly different. The two nuclei at 
the micropylar end of the sac remain for 
a long time undivided, and the next 
nuclear divisions are confined to the 
chalazal region, Stages with four, six, 
eight and twelve nuclei at the chalazal 
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end were met with, but in all of these 
there were but two micropylar nuclei. 
The cytoplasm in the basal region of the 
embryo sac increases very much in amount 
as the nuclear divisions proceed...” 

“ In the oldest stages that were secured 
in P. artocarpus, the embryo sac which 
had increased materially in size, showed 
at the somewhat narrower micropylar 
end two nuclei, while at the chalazal end 
there were twelve large nuclei surrounded 
by a large mass of granular cytoplasm con- 
taining several conspicuous vacuoles... ”’ 

In the next stage, which was observed 
in P. coronatus ‘the two micropylar 
nuclei had divided, so that there were 
four nuclei at the upper end of the sac, 
and the eight or twelve chalazal nuclei 
had increased in number to 32-36... In 
the micropylar region three of the four 
nuclei form a fairly typical egg apparatus. 
Two of these, probably sister nuclei, give 
rise to the synergidae ... The second 
micropylar nucleus presumably gives rise 
to the egg and a free nucleus, the upper 
polar nucleus’’. 

Regarding the conditions at the chalazal 
end, Campbell is less clear but says that 
in several cases as many as 32 or even 
64 antipodal cells could be counted and 
“possibly the number may be even 
greater than this”. ‘“ From one or two 
of the upper cells, the large nuclei are 
discharged into the cavity of the embryo 
sac and constitute the lower polar nucleus 
(or nuclei)... Fhe number of the 
basal polar nuclei varies from a single 
one to six or more.” It is these nuclei 
which are said to fuse with the upper 
polar nucleus to form “a single large 
endosperm nucleus ”’. 

From the above quotations and sum- 
mary of Campbell’s account, the embryo 
sac may be either monosporic or bisporic. 
If it is the division of the upper dyad cell 
which is followed by wall formation and 
both these derivatives, then it is evidently 
the lower dyad cell which gives rise to 
the embryo sac and the latter would be 
bisporic. The issue becomes confused, 
however, because of Campbell's frequent 
statements that the earlier development 
is ‘normal’ or ‘ typical’. 

It is to decide this question and the 
origin of the supernumerary nuclei at 
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the chalazal end of the embryo sac that 
Fagerlind (1940) has recently reinvesti- 
gated the embryology of this genus, 
the need for which had already been 
stressed by Maheshwari (1937, p. 371). 
Like Campbell, Fagerlind also obtained 
his material chiefly from the Botanical 
Garden at Bogor. 

In the simplest species, P. polycephalus, 
the megaspore mother cell gives rise to a 
typical tetrad of megaspores and the 
lowest of these functions. The 2- and 
4-nucleate stages are also normal but 
the latter is of a rather long duration and 
during this period the embryo sac under- 
goes a considerable increase in volume. 
The next division gives rise to the 8- 
nucleate stage and a typically organized 
embryo sac. 

In another species, P. ornatus, the 
youngest stage observed was the 4- 
nucleate. Here the nucellar cells lying 
below and on the sides of the embryo 
sac show a marked tendency to enlarge; 
their nuclei become swollen and their 
plasma assumes an appearance similar 
to that of the embryo sac. Gradually 
the nucleus of the cell approaches the 
embryo sac wall which develops a per- 
foration at this point. This gradually 
enlarges and forms the gateway for the 
nucleus which now enters into the embryo 
sac. During this migration of the nuclei 
( which may occur from several adjacent 
cells) and after it has taken place, the 
pores continue to become wider and 
wider and finally the whole of the separat- 
ing wall becomes absorbed. The embryo 
sac now encroaches upon this space and 
comes in contact with new cells whose 
contents are also incorporated in the 
same manner. Fagerlind was unable to 
ascertain whether the incorporated nuclei 
took part in the next division but the 
mature embryo sac showed a normal egg 
apparatus, two polar nuclei and several 
antipodal cells which showed a further 
increase in number by secondary divisions. 

P. dubius and P. caricosus were found 
to be similar. In another species, P. 
tectorius, the number of antipodal cells 
seemed to be as large as two hundred or 
more. In P. pleiocephalus some mature 
embryo sacs of very peculiar organization 
were seen. One of them showed four 
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fusing polar nuclei and two lateral 
“antipodal ”” cells in addition to many 
at the bottom. In another case 15 polar 
nuclei were seen in addition to a three- 
celled egg apparatus and several anti- 
odal cells. 

The following conclusions may be drawn 
from the above observations: (1) The 
embryo sac is of the monosporic 8- 
nucleate type. (2) There is no secondary 
increase in the nuclei of the developing 
embryo sac as conjectured by Campbell. 
The complication (not found in P. poly- 
cephalus ) is, however, introduced by the 
incorporation of the ‘ illegitimate ” somatic 
nuclei from the adjacent nucellar cells. 
This results in an increase in number of 
the antipodal cells and sometimes of the 
polar nuclei. 

Some of Campbell’s own statements 
quoted below seem to indicate that for 
a time at least he was undecided and only 
narrowly missed a correct interpretation 
of this interesting abnormality: 

“ Owing to the similarity of the nuclei 
in the nucellus cells adjacent to the young 
embryo sac, and those of the sac itself, 
the former may be mistaken sometimes 
for nuclei belonging to the embryo sac, 
but in the later stages the greater size 
of the embryo sac nuclei usually makes 
it easy to distinguish them. There is 
sometimes found a small cell apparently 
cut from the side of the embryo sac, as 
occurs in the embryo sac in Peperomia. 
The contents of these cells are densely 
granular like the cytoplasm of the embryo 
sac, but the nuclei are small, and it is 
quite likely that these small cells really 
belong to the nucellus. The occasional 
occurrence of small nuclei apparently free 
in the cytoplasm of the embryo sac, and 
differing in appearance from the other 
nuclei, suggests that perhaps the wall of 
an adjacent cell of the nucellus may have 
broken down and discharged the nucleus 
into the embryo sac. These points, how- 
ever, can only be settled when the history 
of the nuclear division is known” 
( pp. 778-779 ). 

Further ahead, when speaking of the 
organization of the embryo sac, he says 
(p.781 ): “ The exact number of antipodal 
cells is not easy to determine, as some- 
times the nuclei of the adjacent nuclear 
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(should be ‘nucellar’) tissue become 
enlarged and strongly resemble the nuclei 
of the antipodal cells, with the outermost 
of which they may readily be confused. ” 


POTAMOGETONACEAE 


The only reported case of a bisporic 
embryo sac in this family is that of 
Wiegand (1900) in Potamogeton foliosus. 
All other species of Potamogeton and of 
other genera of the family fall under 
Polygonum type. There is no doubt 
that Wiegand’s interpretations are in- 
correct. 


HYDROCHARITACEAE 


Schnarf ( 1931) rightly considers Tassi’s 
( 1900) report of a bisporic embryo sac 
in Hydromystris stolonifera as uncertain. 


GRAMINEAE 


Guignard ( 1882) reported Allium type 
in Cornucopiae nocturnum and Fischer 
( 1880 ) in Melica nutans and M. altissima. 
Both of these accounts need to be checked 
as all the members of the Gramineae 
which have been investigated during 
recent years have a monosporic embryo 
sac ( see Narayanaswami, 1954). Stover 
(1937) quotes Schnarf ( 1926) as having 
recorded Allium type in Coleanthus sub- 
tılıs. This is certainly due to some 
misunderstanding as Schnarf himself 
figures a clear T-shaped tetrad in this 
plant. 

It will be seen that these accounts are 
very old and not quite dependable. 


COMMELINACEAE 


Guignard (1882) reported a bisporic 
embryo sac in Commelina stricta. Mahesh- 
warl & Singh (1934) have shown the 
Polygonum type in C. benghalensis and the 
same is true of Commelinantia pringlet 


( Parks, 1935). 
PALMACEAE 
According to Jônsson (1879/1880) and 


Radermacher (1925), bisporic embryo 
sacs occur in Chamaedorea latifolia and 
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Nipa fruiticans respectively. In the latter, 
the embryo sac is only 5-nucleate as 
the primary chalazal nucleus is said to 
remain undivided. In all other members 
of the family, the development is of 
Polygonum type and these two reports 
seem to be incorrect. 


ARACEAE 


ANTHERURUS, ARUM — Jonsson ( 1879/ 
1880) reported bisporic development in 
Antherurus attenuatus and Arum tri- 
phyllum but Schnarf (1931) has already 
commented on the doubtful nature of 
these observations. 

ARISAEMA — Gow (1908) stated that 
the development in Arisaema triphyllum 
is bisporic. Pickett ( 1915 ) has, however, 
shown that a normal tetrad is formed 
and the development is of Polygonum 
type. 

HOMALONEMA — In a work dealing 
with the embryology of eleven aroids, none 
of which seems, however, to have been 
satisfactorily investigated, Gow (1913) 
states that in Homalonema argentea the 
primary archesporial cell “ divides once 
transversely, and of the two resultant 
cells the outer one functions, the inner 
one being broken down and absorbed ”’. 
He states that “ whether the latter is to 
be regarded as one of a “ row of two” 
or as a vestigial tapetum is purely an 
academic question ’’. He thus attached 
no importance whatever to the morpho- 
logical nature of these cells and since his 
figures are extremely diagrammatic, his 
conclusions are of no value and the plant 
needs a fresh study. No mention is made 
of the intervening stages leading to the 
eight-nucleate embryo sac. 

Jiissen ( 1928 ) investigated many aroids 
including two species of Homalonema, 
H. alba and H. rubra. In most aroids, 
the development is of Polygonum type; 
about H. rubra he does not seem to come 
to any clear conclusion ; and H. alba is 
said to belong to the Allium type. A 
reinvestigation is desirable. 

NEPHTHYTIS — Gow (1908) investi- 
gated N. gravenreuthii. He says: ” The 
hypodermal archesporial cell usually gives 
rise to two sporogenous cells; and one 
case of three sporogenous cells was dis- 
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covered. In every case when observation 
was possible, the outer sporogenous cell 
developed the embryo sac. No evidence 
was found to indicate that a primary 
parietal cell is ever cut off by the arche- 
sporium.” After this confused and ambi- 
guous statement, the author passes on 
to the embryo sac. In one preparation 
there were “ eight active nuclei, but also 
traces of several degenerate nuclei, ap- 
parently indicating that more than eight 
nuclei had been formed ”’. It is stipulated 
that sometimes ten or twelve nuclei are 
present, some of which break down. 
The first statement quoted above would 
seem to imply a bisporic development. 
But the vague nature of this and the 
following statements do not justify an un- 
equivocal acceptance of Gow’s data. 


LILIACEAE 


Guignard (1882) reported a bisporic 
embryo sac in Ornithogalum pyrenaicum. 
Desole (1947) has demonstrated the oc- 
currence of normal megaspore tetrads in 
O. umbellatum. Guignard’s account is 
very old and perhaps incorrect. 


AMARYLLIDACEAE 


According to Shadowsky (1925) Pan- 
cratium maritinum has an Allium type of 
embryo sac. He states that of the two 
dyad cells the upper divides into two me- 
gaspores which degenerate. Regarding 
the other he says, “die untere Zelle 
verwandelt sich umittelbar in den Em- 
bryosack, indem sie zur Mutterzelle des- 
selben wird. Zuweilen wurde beobachtet, 
dass der Kern der unteren Zelle sich in 
zwei Kerne teilte, und es beginnt zwischen 
den beiden Tochterkernen eine Wand 
sich ausgubilden ...” Though he says 
later that this wall is ephemeral, it may 
be worth while to reinvestigate this 
species and check the above statements. 


ORCHIDACEAE 


EPIPACTIS — In E. pubescens according 
to Brown & Sharp (1911) usually the 
development is of the Polygonum type 
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but sometimes of the Allium or Adoxa 
type. They saw a few 2-nucleate 
embryo sacs “ with apparently but one 
degenerating cell present at the micro- 
pylar end. Further evidence on this 
point was not obtained, but these may 
represent cases in which the embryo sac 
is being derived from a daughter cell, or, 
in the light of the above, from two 
megaspores. ” Vermoesen (1911) simi- 
larly reported bisporic development in 
E. latifolia. The deviations from mono- 
sporic development are either in the 
nature of abnormalities or the result of 
misinterpretation. 

GYROSTACHYS — In 1914 Pace pub- 
lished a paper on two species of Gyro- 
stachys ( = Spiranthes ), named G. gracilis 
and G. annua. She says that “the 
embryo sac is very irregular in its develop- 
ment. Sometimes it develops from the 
mother cell, sometimes from the daughter 
cell (she evidently means a dyad cell) 
and at others from either of the mega- 
spores. The sac may contain four, five, 
six or eight nuclei, the six-nucleate 
resulting from a lack of one mitosis in the 
chalazal end of the sac being the usual 
one in my material.” 

Pace’s illustrations seem to convey the 
impression, however, that the embryo sac 
is monosporic and not bi- or tetrasporic 
as she often thinks it to be. The 2- 
nucleate stage shown in her fig. 4 has such 
a large and typical central vacuole that 
its direct origin from the megaspor 
mother cell appears to be highly impro- 
bable. It seems more likely that she 
sometimes missed some of the degenerat- 
ing megaspores and thus came to different 
interpretations. In an Indian species of 
Spiranthes, S. australis, which Mahesh- 
wari & Narayanswami (1951) have 
investigated from material growing under 
natural conditions, the embryo sac is 
clearly monosporic and there is no 
evidence of its being occasionally bi- or 
tetrasporic. 

The occasional 4-nucleate condition 
of the embryo sac reported by Pace is 
also doubtful. As she herself admits 
(p. 10) this condition “ may be due to 
the decay of some of the chalazal nuclei ”. 
The other alternative of course is that 
she missed some of the chalazal nuclei 
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as ae Cypripedium already discussed on 
19: 


ONCIDIUM, ORcHIS — There are two 
more instances Oncidium praetextum and 
Orchis sambucina ( Afzelius, 1916), where 
the possibility of a bisporic development 
has been envisaged. However, it may 
be recalled in both cases, the author 
himself admits that normally the develop- 
ment is of the Polygonum type. 


Summary 


The occurrence of the bisporic embryo 
sacs may be considered to be an estab- 
lished feature of the following plants: 


SAURURACEAE 
Anemopsis sp. ( Johnson, 1905); A. 
californica ( Quibell, 1941 ). 


PODOSTEMONACEAE 


Apinagia divertens (Went, 1910) ; Clado- 
pus nymani (Went, 1910, 1925, 1926); 
Griffithella hookeriana (Razi, 1949); Lawia 
zeylanica (Magnus, 1913; Razi, 1949); 
Lophogyne capillacea (Went, 1910); 
Mourera aspera (Steude, 1935); M. 
fluviatilis (Went, 1910, 1926); Oenone 
imthurni ( Went, 1910); O. richardiana 
(Went, 1926); O. versteegiana ( Went, 
1910, 1926); Podostemon ceratophyllum 
( Hammond, 1937); P. subulatus ( Magnus, 
1913); Rhyncholacis macrocarpa ( Went, 
1912); Tristicha hypnoides ( Went, 1926). 


OLACACEAE 


Olax wightiana (Shamanna, 1954). 


LORANTHACEAE 


Arceuthobium americanum (= A. oxy- 
cedri) (Dowding, 1931); Dendrophthora 
gracile, D. opuntioides (York, 1913); 
Ginalloa linearis ( Rutishauser, 1937); 
Korthalsella dacrydii ( Rutishauser, 1935; 
Schaeppi & Steindl, 1945); K. opuntia 
( Rutishauser, 1937; Schaeppi & Steindl, 
1945); Viscum album, V. articulatum 
(Steindl, 1935; Schaeppi &  Steindi, 
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1945); V. capitellatum, V. orientale, V. 
stenocarpum (Schaeppi & Steindl, 1945). 


BALANOPHORACEAE 


Ditepalanthus afzelli (Fagerlind, 1938c) ; 
Helosis cayennensis ( Fagerlind, 1938b). 


THEACEAE 
Thea sinensis ( Fagerlind, 1939), 
DROSERACEAE 


Drosophyllum lusitanicum ( Maheshwari 
& Roy, 1955). 


CRASSULACEAE 


Sedum fabaria, S. populifolium ( Maurit- 
zon, 1933). 


OXALIDACEAE 


Biophytum — sensitivum 


1942 ). 


( Thathachar, 


EUPHORBIACEAE 


Euphorbia amygdaloides, E. characias 
( D’Amato, 1939); E. lagascae ( D’Amato, 
1946); E. mauritanica ( Ventura, 1934; 
D’Amato, 1939). 


MALPIGHIACEAE 
Galphimia gracilis (Stenar, 1937b); 
Malpighia glauca (Subba Rao, 1939). 
RHAMNACEAE 
Zizyphus jujuba (Kajale, 1944); Z. 
rotundifolia (Arora, 1953); Z. sativa 


( Chiarugi, 1930). 
DATISCACEAE 


Datisca cannabina ( Himmelbaur, 1909; 
Mauritzon, 1936b; Crété, 1952). 


ERICACEAE 


Cassiope mertensiana ( Palser, 1952). 
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OLEACEAE 


Olea chrysophylla ( Andersson, 1931); 
O. europaea ( Andersson, 1931; King, 1938; 
Messeri, 1952). 


ASCLEPIADACEAE 


Cynanchum fuscatum ( Pardi, 1933). 


CUSCUTACEAE 


Cuscuta reflexa ( Johri & Nand, 1934; 
Johri & Tiagi, 1952). 


BORAGINACEAE 


Anchusa officinalis (Svensson, 1925); 
Ehretia laevis (Vasil, 1955); Lycopsis 
arvensis (Svensson, 1925 ). 


VERBENACEAE 


Avicennia marina var. alba ( Junell, 
1934), A. officinalis ( Karsten, 1891 ). 


SOLANACEAE 


Nicotiana glauca ( Modilewski, 1936, 
1937a, b); N. rustica x paniculata ( Modi- 
lewski & Dzubenko, 1937); N. rustica 
( Maryanovich, 1939); Datura sp. ( Satina 
& Blakeslee, 1935a, b). 


CAPRIFOLIACEAE 


Lonicera myrtilloides (Feng, 1934); 
Viburnum acerifolium, V. lantana ( Sune- 
son, 1933). 


COMPOSITAE 


Ammobium alatum (Avanzi, 1948); 
Chrysanthemum anethifolium, C.  foeni- 
culaceum, C. frutescens, C. jacobaeifohum, 
C. webbi (Harling, 195la); Erigeron 
alpinus (Chiarugi, 19274); E. coulteri 
( Holmgren, 1919); E. elatior ( Bergman, 
1942); E. frigidus (Harling, 19516); 
E. glabellus (Carano, 1921); E. macran- 
thus (Bergman, 1942); E. ochroleucus, 
E. pulchellus, E. simplex ( Harling, 1951b ); 


E. unalaschkensis 
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(Holmgren, 1919); 
Tridax trilobata ( Hjelmqvist, 1951 ). 


ALISMACEAE 


Alisma plantago ( Dahlgren, 1928; Johri, 
1936a); A. plantago-aquatica ( Johri, 
1936a); Damasonium alisma ( Dahlgren, 
1928); Echinodorus macrophyllus ( Dahl- 
gren, 1934); E. ranunculoides, Elisma 
natans (Dahlgren, 1928); Limnophyton 
obtusifolium ( Narasimha-Murty, 1933; 
Johri, 1935a) ; Machaerocarpus californicus 
(Maheshwari & Singh, 1943); Sagittaria 


graminea ( Johri, 1936a); S. guayanensis, 


S. latifolia ( Johri, 1935c ); S. sagittifolia 
(Dahlgren, 1934; Johri, 1935). 


BUTOMACEAE 
Butomopsis lanceolata ( Johri, 1936b ); 
Hydrocleis nymphoides ( Johri, 1938b); 
Limnocharis emarginata (=L. flava ) 
( Johri, 1938a ). 
LEMNACEAE 
Lemna minor (Lawalrée, 1952); L. 
trisulca ( Jonsson, 1879/1880 ); Wolffia ar- 


rhiza (Gupta, 
( Maheshwari, S.C., 


1935); W. microscopica 
1954). 


COMMELINACEAE 


Rhoeo discolor (Yshermak-Woess, 1947); 
Tradescantia paludosa ( Walker, 1938). 


LILIACEAE 
Allium carinatum (Weber, 1929); A. 
cepa (Jones & Emsweller, 1936); A. 


cernuum (Murphy, 1946); 
( Strasburger, 1879); A. flavum ( Weber, 
1929); A. govamanum (Sundar Rao, 
1940 ); A. molybulbiferum ( Weber, 1929); 
A. neapolitanum, A. nigrum ( Messeri, 
1931); A. odorum (Schürhoff, 1922; 
Modilewski, 1925 ); A. oleraceum ( Messeri, 
1931; Stenar, 1932); A. paniculatum 
( Weber, 1929;. Cappelletti, 1931) Az 
paradoxum, A. porrum (Weber, 1929); 
A. roseum var. bulbiferum ( Messeri, 1931; 
Cappelletti, 1931, p. 32); A. rotundum, 


A. fistulosum 
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A. sativum, A. scorodoprasum ( Weber, 
1929 ); A. schoenoprasum ( Messeri, 1931); 
A. senescens, A. sphaerocephalum ( Weber, 
1929); A. subhirsutum, A. triquetrum 
(Messeri, 1931); A. unifolium ( Weber, 
1929); A. wrsinum ( Schniewind-Theis, 
1901; Weber, 1929); A. victoriale, A. 
zebdanense (Weber, 1929); Convallaria 
majalis ( Wiegand, 1900; Stenar, 1941); 
Leucocoryne ixioides ( Cave, 1939) ; Nothos- 
cordum fragrans ( Messeri, 1931; Stenar, 
1932; Hakansson, 1953); Paris quadri- 
folia (Ernst, 1902); Polygonatum lati- 
folium, P. multiflorum, P.  odoratum, 
(Stenar, 1953); Scilla campanulata ( Mc- 
Kenney, 1898; Hoare, 1934); S. hispanica 
(Treub & Mellink, 1880); S. hyacinthoides 
var. coerulea (McKenney, 1898); S. non- 
scripta (Hoare, 1934); S. nutans, S. 
patula (Guignard, 1882); S. sibirica 
( Schniewind-Thies, 1901 ) ; Smilacina race- 
mosa ( McAllister, 1913; Gorham, 1953); 
Streptopus roseus (McAllister, 1914); 
Trillium cernuum (Heatley, 1916); T. 
erectum (Swamy, 1948); T. grandiflorum 
(Ernst, 1902; Howe, 1940; Blain, 1945; 
' Swamy, 1948); T. recurvatum ( Heatley, 
1916); T. sessile (Spangler, 1925); Tul- 
baghia violacea (Stenar, 1933). 


AMARYLLIDACEAE 
Crinum latifolium (Stenar, 1925; To- 
mita, 1931); C. longifolium (Stenar, 


1925); Forbesia plicata (De Vos, 1949 ); 
Hypoxis decumbens ( Stenar, 1925). 


XYRIDACEAE 


Xyris pauciflora ( Govindappa, 1953). 


ORCHIDACEAE 
Achroanthes  monophyllos  (Stenar, 
(1937a); Cymbidium bicolor (Swamy, 


1942); Cypripedium calceolus ( E. Ober- 
hammer! ); C. candidum ( Pace, 1907); 
C. guttatum (Prosina, 1930); C. parui- 


florum (Pace, 1907; Carlson, 1945); 
C. pubescens ( Pace, 1907); C. spectabile 
(Pace, 1907; Swamy, 1945); Listera 


12. Personal communication from the late 


Prof. K. Schnarf to Prof. P. Maheshwari. 
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ovata (Hagerup, 1947); Neottia nidus 
avis ( Modilewski, 1918); Paphiopedilum 
barbatum (Francini, 1931); P. insigne 
(Afzelius, 1916); P. lathamianum ( = P. 
spicerianum X P. villosum)  (Francini, 
1945); P. lecanum, P. spicerianum, P. 
venustum, P. villosum ( Francini, 1931). 

Bisporic embryo sacs have also been 
reported in the plants listed below but, 
as already shown in the previous pages, 
these cases cannot be considered to be 
dependable and until further work has 
been done they must be excluded from 
the list of established cases: 


SAURURACEAE 


Saururus cernuus ( Johnson, 1900 ). 


SALICACEAE 
Salix petiolaris, S. glaucophylla, S. dis- 
color, S. tristis, S. cordata ( Chamberlain, 
1897); Populus canadensis, P. tremula 
(Graf, 1921). 
LORANTHACEAE 


Phoradendron flavescens (Billings, 1933). 


HyDNORACEAE 


Prosopanche bertoniensis (Chodat, 1916). 


CARYOPHYLLACEAE 


Sabulina longifolia ( Fischer, 1880). 


SAXIFRAGACEAE 


Ribes pallidum ( Himmelbaur, 1911). 


MIMOSACEAE 


Acacia 1879- 


1880 ). 


rostellifera ( JOnsson, 


PAPILIONACEAE 


Lupinus luteus, L. polyphyllus ( Guig- 
nard, 1881); Lathyrus odoratus ( Jönsson, 
1879/1880 ). 
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RUTACEAE 


Xanthoxylum  alatum, X. 
( Mauritzon, 1935 ). 


bungei. 


EUPHORBIACEAE 
Chrozophora vottleri (Srivastava & 
Agarwal, 1953). 

CELASTRACEAE 
Evonymus latifolius ( Jonsson, 1879/ 
1880 ). 


BALSAMINACEAE 


Impatiens sultani ( Ottley, 1918). 


CYNOMORIACEAE 


Cynomorium coccineum ( Steindl, 1945 ). 


UMBELLIFERAE 


Bupleurum aureum ( Hakansson, 1923 ). 


ASCLEPIADACEAE 


Cynanchum vincetoxicum 


i ( Seefeldner, 
19172792275): 


POLEMONIACEAE 


Polemonium coeruleum ( Jonsson, 1879/ 
1880 ). 


GESNERIACEAE 
Rhytidophyllum  crenulatum (Cook, 
1907b ). 
RUBIACEAE 


Scyphiphora hydrophyllacea ( Karsten, 
1891 ). 


PANDANACEAE 


Pandanus artocarpus ( Campbell, 1911 ). 
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POTAMOGETONACEAE 


Potamogeton foliosus ( Wiegand, 1900). 


NAJADACEAE 


Najas flexilis (Campbell, 1897). 


HyDROCHARITACEAE 


Hydromystris stolonifera ( Tassi, 1900). 


GRAMINEAE 


Cornucopiae nocturmm (Guignard, 1882); 
Melica nutans, M. altissima ( Fischer, 
1880 ). ; 


COMMELINACEAE 


Commelina stricta ( Guignard, 1882). 


PALMACEAE 


Nipa fruticans ( Radermacher, 1925); 
Chamaedorea latifolia (Jonsson, 1879/ 
1880 ). 


ARACEAE 


Antherurus attenuatus ( Jonsson, 1879/ 
1880); Arisaema triphyllum ( Gow, 1908 ); 
Arum maculatum ( Jonsson, 1879/1880); 
Dieffenbachia seguine (Campbell, 1900); 
Homalonema argentea (Gow, 1913); H. 
alba ( Jüssen, 1928); Nephthytis graven| 
reuthii (Gow, 1908). 


LILIACEAE 


Ornithogalum pyrenaicum 


( Guignard, 
1882). 


AMARYLLIDACEAE 


Pancratium maritinum 


( Shadowsky, 
1925 ). 


ORCHIDACEAE 


Epipactis latifolia ( Vermoesen, 1911); 
E. pubescens (Brown & Sharp, 1911); 


| 
| 


| 
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Gyrostachys annua, G. gracilis (Pace, 
1914); Oncidium praetextum, Orchis sam- 
bucina ( Afzelius, 1916). 

I wish to offer my grateful thanks to Dr. 
B. M. Johri for the help rendered by him in 
the preparation of this review, and to Miss 
R. Wunderlich ( Vienna), Dr. K. Steffen 
(Marburg-Lahn ), and Dr. G. Harling 
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( Stockholm ) for many useful suggestions. 
In summarizing such a vast amount of 
literature, it is possible that there have 
been shortcomings and oversights. For 
these the responsibility is entirely my own. 
I shall appreciate it if any errors and 
omissions detected in this paper are 
brought to my notice as early as possible. 
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ON THE PERICARPIAL STRUCTURE OF THE LEGUMEN, 
ITS EVOLUTION AND RELATION TO DEHISCENCE 


A. FAHN & M. ZOHARY 


Department of Botany, Hebrew University, Jerusalem, Israel 


Introduction 


After the basic studies of Kraus ( 1866 ), 
Hildebrand ( 1873-1874) and Majewsky 
(1873) on the structure of the legumen 
pericarp, little remained to be added to 
the fundamental features of the anatomy 
of this fruit. 

Subsequently, attempts have been made 
to interpret the dehiscence of the legu- 
men on the basis of the anatomical 
structure of its pericarp. Steinbrinck 
(1873, 1878, 1906, 1925 ) was among the 
first to discover within the pericarp the 
presence of tissues differing from one 
another in the nature of their cell walls. 

The dehiscence of the legumen was 
found to be due to differences in the 
orientation of the axis of shrinkage of the 
cell walls. The main, and the only 
known type of dehiscence was that of 
Vicia, in which the opening of the valves 
is due to a torsion mechanism, This 
line of research was also followed by 
Weberbauer (1891, 1901), Zimmermann 


(1881, 1883-1884), Schoenichen (1924) 
and others. 

Monsi (1942-1943) has recently made 
an important contribution to this subject 
by his study of the submicroscopic 
structure and the physical properties of 
the cells involved in the torsion of the 
valves in the legumen of Glycine max, 
which explains fairly clearly its mecha- 
nism of dehiscence. 

However, these investigations have 
been confined to a rather small number 
of common species, mainly of the Vicieae 
and Phaseoleae which do not represent 
all the fruit forms of the family, either in 
their structural diversity or in their mode 
of dehiscence. Examinations carried out 
by the present authors have shown that 
the structural patterns in the pericarp 
of the legumen, as well as its modes of 
dehiscence, are much more numerous 
and variable than known up to now. 

In the present article an attempt has 
been made to group the structural patterns 
into more or less clearly circumscribed 
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types and subtypes, to distinguish primary 
and derivative features, and to obtain 
an insight into the evolutionary trends 
of the legumen. 


Material and Methods 


The pericarp of nearly 100 species be- 
longing to over 50 different genera of the 
Leguminosae has been examined. Apart 
from the collection of the Department 
of Botany of the Hebrew University, we 
also obtained fruits of various species 
from Mr. E. J. H. Corner of the Botany 
School, University of Cambridge ( Eng- 
land ), from Miss B. F. Slade of the Uni- 
versity of Otago (New Zealand) and 
from the Herbarium of the Royal Botanic 
Gardens, Kew ( England ). 

Longitudinal, transverse and diagonal 
sections of the entire pericarp or of its 
parts were prepared using a sliding micro- 
tome. The material was not embedded 
for the purpose. Permanent slides were 
stained with safranin. Sections mounted 
in glycerin were stained with an alcoholic 
solution of Congo red and Chrysoidin 
(réactif génévois ). 

In order to determine the direction of 
the fibres, tangential hand-sections of 
the sclerenchymatous stratum of most 
fruits were examined. 

The drawings were made with a camera 
lucida. Some of the sections were exa- 
mined with polarized light in order to 
determine the main orientation of the 
micelles in the cell walls of the layers 
actively involved in the dehiscence of 
the legumen. 


Structural Diversity of the Pericarp 


Among flowering plants few families, 
while preserving the basic patterns of 
their fruit, have evolved structures of the 
pericarp and modes of dispersal as diverse 
as those found in the Leguminosae. 
From the point of view of carpological 
diversification, this family closely re- 
sembles the Cruciferae in which, as shown 
by Zohary (1948), the siliqua has in the 
course of its evolution undergone far 


reaching changes, both in form and mode 
of dispersal, 
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Most common in the Leguminosae is 
the legumen which dehisces at maturity 
by two twisting valves, such as are 
typical of the Vicieae and Phaseoleae. 
It seems to be a very advanced form, 
derived from the more primitive folli- 
cular legumen in which dehiscence is 
limited to the ventral suture (e.g. Acacia 
decurrens). A very rare form is re- 
presented by Carmichaelia: the two valves 
are shed leaving a ‘replum’, closely 
resembling that of a siliqua, but lacking 
a false septum and bearing but one 
placenta (Fig. 1). | | 

The genus Astragalus is particularly 
interesting. There is an obvious trend 
towards the formation of disseminules 
composed of many- or few-seeded longi- 
tudinal mericarps. This is achieved by 
means of a ‘ false septum’ which splits 
at maturity into two laminas, each 
covering the seed-bearing valve ( Zohary, 
1939; Baum, 1948). This type of fruit 
occurs in Astragalus maris-mortm, A. 
cruciatus, A. cicer, A. tragacanthus, and 
A. angustifolius. 

The fundamental structure of the peri- 
carp of the legumen was found to be as 
follows: 

Adjacent to the outer epidermis there 
is a parenchymatous tissue, several cell- 
layers thick, followed by sclerenchyma- 
tous tissue, the dimensions of which vary 
with the species or genus. This stratum is 
followed by a few layers of parenchy- 
matous cells, which border on the inner 
epidermis. In addition, vascular bundles 
accompanied by sclerenchymatous ele- 
ments traverse the outer parenchyma. 

This general structure is exceedingly 
uniform throughout the species examined. 
However, the dimensions, location, and 
orientation of the prosenchymatous cells, 
as well as the nature of the other elements 
of the pericarp, show considerable vari- 
ability. For instance, the epidermal cells 
are thin-walled in Astragalus macrocarpus 
(Fig. 20), thick-walled in Lupinus hir- 
sutus (Fig. 14) and Vicia spp.; their 
shape may be elongated (e.g. Vicia spp., 
Lotus peregrinus ) or square (e.g. Anagyris 
foetida); they form a single layer in 
most cases, or there may be one or 
more hypodermal layers (e.g. Lupinus 
hirsutus ). The parenchymatous tissue 
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Fics. 1-10 — Fig. 1. Pod of Carmichaelia solandri after shedding the valves. x 2°5. Figs. 2-10. 
Schematical drawings of transverse and longitudinal sections of pods. The fibre tissues are indi- 
cated by striated areas when transverse (parallel to the surface of the section) and by squares when 
longitudinal ( perpendicular to the surface of the section ). Palisade-like sclerenchymatous cells are 
indicated by rectangles, collenchyma by dots and parenchyma is left blank. Fig. 2. Biserrula pele- 
cinus, t.s. Fig. 3. Astragalus fruticosus, t.s. Fig. 4. Hedysarum pallens, t.s. Fig. 5. Coronilla 
scorpioides, t.s. Fig. 6. Coronilla scorpioides, Ls. Fig. 7. Trigonella monspeliaca, t.s. Fig. 8. Tri- 
gonella stellata, t.s. Fig. 9. Melilotus sp., t.s. Fig. 10. Scorpiurus muricata, t.s. 
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following the epidermis is entirely ( Caly- 
cotome villosa, Fig. 13 ) or partly ( Retama 
roetam, Fig. 19) converted into collen- 
chyma. Within the latter, one may 
sometimes find scattered stone cells ( Re- 
tama roetam, Anagyris foetida ) or scleren- 
chymatous girders accompanying the vas- 
cular bundles (e.g. Trigonella spicata, 
Cercis siliquastrum ). In other cases (e.g. 
Onobrychis squarrosa), it is the scleren- 
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chymatous tissue accompanying the vas- 
cular bundles which is particularly de- 
veloped. 
The sclerenchymatous stratum which 
is generally internal to the parenchy- 
matous layer of the pericarp consists 
either of fibres oriented in the same 
direction (e.g. Astragalus macrocarpus, 
Fig. 20; Acacia raddiana, Fig. 18; Sophora 
secundiflora; Lupinus hirsutus, Fig. 14) 


Fies. 11-20 — Sections of valves. 
galus amalecitanus, t.s. X 70. Fig. 13. Calycotome villosa, diagonal section. X 70. Fig. 14. Lupi- 


nus hirsutus, diagonal section. x 70. 


s. x 55. Fig. 19. Retama voetam 
diagonal section. x 40. 


| Fig. 15. Scorpiurus muricata, t.s. X 70. 
DO t.s. x 40. Fig. 17. Anagyris foetida, diagonal section. x 55. 
Ase 


Fig. 11. Astragalus hamosus, t.s. x 70. Fig. 12. Astra- 


Fig. 16. Astragalus 
Fig. 18. Acacia raddiana, 


, diagonal section. x 70. Fig. 20. Astragalus macrocarpus, 
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or of two layers of differently oriented 
cells (e.g. Astragalus hamosus, Fig. 11, 
Hymenocar pus circinnatus, Ornithopus com- 
pressus, Archidendron vaillantii). In Di- 
nizia excelsa there is an additional scleren- 
chymatous stratum in the outer paren- 
chyma, external to the vascular bundles, 
the orientation of its fibres differing from 
that of the inner sclerenchymatous stra- 
tum. Some species do not have any 
sclerenchymatous stratum (e.g. Trifolium 
subterraneum, Melilotus sp., Fig. 9; Gly- 
cyrrhiza echinata). In some cases, the 
inner cell-layers of the parenchymatous 
tissue may be replaced by collenchyma 
(e.g. Anagyrıs foetida, Retama roetam, 
Pips, 17, 19). 

The inner epidermis generally consists 
of thin-walled cells. However, in some 
cases the walls may be thicker (e.g. Tri- 
folium stellatum ) or the cells may even 
appear fibre-like ( Trigonella arabica ). 

Legumens, provided with prickles, have 
their emergences built up of sclerenchyma 
(e.g. Hedysarum pallens, Scorpiurus muri- 
cata, Figs. 10, 15). 

Since the anatomical structure is large- 
ly responsible for the behaviour and 
mode of dispersal, an attempt is made in 
the following section to group the struc- 
tural forms on the basis of the topography 
and orientation of the sclerenchymatous 
tissue. 


Structural Types of the Legumen 


The following types have been distin- 
guished in the course of our observations: 

ARASTRAGALUS TYPE (Pigs. 2, 3, 4, 
11, 12, 16) — The sclerenchymatous tis- 
sue consists of two layers — the inner 
layer, in which the longitudinal axis of 
the fibres runs parallel to the longitudinal 
axis of the pod, and the outer layer, in 
which the fibres are transverse to it. 

This type can be subdivided into the 
following forms: 

(a) Both layers are more or less equal 
in width (e.g. Astragalus hamosus L.', 
Fig. 11; A. boeticus L.; A. annularis 

1. In certain species of Astragalus the inner 
fibres gradually change their orientation ap- 
proaching the septum, in which all the fibres 
of the sclerenchymatous stratum run transverse 
to the longitudinal axis of the pod. 
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Forsk.; A. cruciatus Lk.; A. peregrinus 
Vahl; Biserrula pelecinus L., Fig. 2; 
Ornithopus compressus L.; Hedysarum pal- 
lens (Moris) Halacs.?, Fig. 4; Pitheco- 
lobium clypearia Benth.). 

(b) The outer layer is at least twice 
as thick as the inner (e.g. Astragalus 
fruticosus Forsk., Figs. 3, 16). 

(c) The inner layer is at least twice 
as thick as the outer (e.g. Astragalus 
amalecitanus Boiss., Fig. 12). 

(d) The outer layer is extremely re- 
duced, and confined to isolated patches 
(e.g. Astragalus kahiricus DC.). 

B. Acacıa TYPE — The fibres of the 
two layers of the sclerenchyma are 
oriented so that the longitudinal axis of 
those of the inner layer are transverse 
and those of the outer are parallel to the 
longitudinal axis of the valves ( e.g. Acacia 
decurrens Willd. var. mollis Lindl., A. 
neriifolia A. Cunn., Cassia alata La). 

C. HyMENOCARPUS TyPE—The scleren- 
chymatous stratum consists of two layers. 
The inner consists of fibres transverse 
to the longitudinal axis of the valves, 
and the outer of fibres running diagonally 
and forming an acute angle with the for- 
mer ones (e.g. Hymenocarpus circinnatus 
(L.) Savi, Enterolobium sp.*). 

D. CALYCOTOME Type (Fig. 13) — 
The sclerenchymatous stratum consists 
of two layers. The orientation of the 
fibres of the inner layer is diagonal and 
that of the outer transverse to the longi- 
tudinal axis of the pod. The cells of the 
outer epidermis and of the collenchyma, 
which replaces the outer parenchyma, 
are diagonally oriented so as to cross the 
fibres of the inner layer of the sclerenchy- 
matous stratum (e.g. Calycotome villosa 
(Pony ik, Bie. 13). 

E. CYANOPHYLLA TYPE — The scleren- 
chymatous stratum consists of two layers, 
the inner with fibres running diagonally, 
the outer with fibres running parallel to 
the longitudinal axis of the valves (e.g. 
Acacia cyanophylla Lindi.). 


2. Here, there also occurs a sclerenchymatous 
tissue in the emergences and close to them. 

3. In this species the inner layer of the scle- 
renchymatous stratum is fragmentary and not 


continuous. 
4, In the outer parenchyma masses of stone 


cells are found. 


104 


F. ARCHIDENDRON TypE—The scleren- 
chymatous stratum consists of two layers; 
the fibres of both are oriented obliquely 
to the longitudinal axis of the pod, but 
in opposite directions, so as to cross each 
other (e.g. Astragalus alexandrinus Boïss., 
Archidendron lucyi F. Muell., Archiden- 
dron vaillantii F. Muell.). 

G. ENTADA TYPE — The sclerenchyma- 
tous stratum consists of two layers of 
fibres and a layer of stone cells external 
to them (e.g. Entada scandens Benth.). 

Isolated strands of fibres may occur 
near the margins of the valves. Sections 
containing these strands may, therefore, 
‚appear to comprise more than two layers 
of fibres. 

H. CYNOMETRA Type — The scleren- 
chymatous stratum consists of a narrow 
inner layer of prosenchymatous cells, the 
longitudinal axis of which runs more or 
less transversely to the longitudinal axis 
of the pod, and of a thick outer layer of 
palisade-like sclerenchymatous cells mixed 
with stone cells. Also in the outer 
parenchyma there occur groups of stone- 
and palisade-like cells sometimes even 
forming continuous layers. 

The following two forms have been dis- 
tinguished within this type: one with 
parenchyma beneath the outer epidermis 
(e.g. Cynometra inaequifolia A. Gray), 
the other with a cork zone beneath the 
outer epidermis (e.g. Hymenaea courbaril 


I. VictA Type ( Fig. 14) — The scleren- 
chymatous stratum consists of a single 
layer, with fibres all oriented diagonally. 
The cells of the outer epidermis or of the 
hypodermis or of both are elongated, 
thick-walled, and their diagonal orienta- 
tion is opposite to that of the sclerenchy- 
matous stratum. 

The following forms have been dis- 
tinguished here: 

(a) In the region of the outer epidermis, 
the epidermis cells only are elongated 
and thick-walled [e.g. Vicia angustifolia 
L., Lens esculenta Moench, Pisum fulvum 
S. & S., Lathyrus odoratus L., L. ochrus 
(L.) DC., Tetragonolobus palaestinus Boiss., 
Lotus peregrinus L., Spartium junceum L., 
Dorycnium rectum (L.) Ser., Argyro- 
lobium uniflorum (Decne.) J. & Sp., 
Ononis pubescens L.]. 
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(b) Both the epidermal and hypodermal 
cells are elongated and thick-walled 
(eg. Lupinus hirsutus L., Fig. 14; L. 
angustifolius L.; Cercis siliquastrum L.; 
the latter bearing many vascular bundles 
in the outer parenchyma zone ). 

(c) Only hypodermal cells are elon- 
gated and thick-walled. In the similarly 
oriented sclerenchymatous stratum two 
layers of fibres can be distinguished with 
different physical properties (e.g. Pon- 
gamia glabra Vent., Wisteria sinensis Sw., 
and in the latter the vascular scleren- 
chyma fibres show diagonal orientation 
similar to that of the sclerenchymatous 
stratum ). 

J. CoroNILLA Type ( Figs. 5, 6) — 
The fibres of the sclerenchymatous stratum 
in the middle of the valves are parallel 
to, while those near the bundles are 
transverse to, the longitudinal axis of 
the valves. The fibres accompanying 
the vascular bundles are again parallel 
to the longitudinal axis of the pod [ e.g. 
Coronilla scor pioides (L.) Koch, Figs. 5, 6 |. 

K. TRIGONELEA TYPE (Fiese 
18 )—The sclerenchymatous stratum con- 
sists of similarly oriented cells, all with 
their longitudinal axis parallel to the 
longitudinal axis of the pod. 

The following variations have been 
found within this type: 

(a) The sclerenchyma accompanying 
the vascular bundles is inconspicuous 
(e.g. Hippocrepis umsiliquosa L., Astra- 
galus deinacanthus Boiss., Cassia fistula L..). 

(b) The 
the bundles is considerable, forming in 
some cases almost an additional scleren- 
chymatous stratum parallel to the funda- 
mental sclerenchymatous stratum (e.g. 
Trigonella stellata Forsk., Fig. 8; T. 
spicata S. & S., T. monspeliaca L., Fig. 7; 
T. lilacina Boiss., Parkinsonia aculeata 
DR 

(c) Apart from the rich vascular scleren- 
chyma in the outer parenchymatous 
layer there occur clusters of stone cells 
and a collenchymatous hypodermis (e.g. 
Acacia raddiana Savi, Fig. 18). 

L. ALBIZZIA Type — The sclerenchy- 
matous stratum consists of similarly 
oriented fibres, all with their longitudinal 
axis transverse to the longitudinal axis 
of the valves, 


sclerenchyma accompanying | 
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The following two forms have been 
distinguished within this type: 

(a) The outer parenchyma layer con- 
tains a few vascular bundles accompanied 
only by a very feebly developed scleren- 
chyma (e.g. Albizzia lophantha Benth., 
Erythrina crista-galli L., Dalbergia sissoo 
Roxb., Ormosia emarginata Benth., Noto- 
spartium carmichaeliae Hook. f.). 

(b) The outer parenchyma contains 
dense and thick clusters of fibres variously 
oriented (e.g. Onobrychis squarrosa Viv.). 

M. Dınızıa Type — The sclerenchy- 
matous stratum consists of similarly 
oriented fibres all with their longitudinal 
axis transverse to the longitudinal axis 
of the valves, while in the outer paren- 
chyma there occurs an additional scleren- 
chymatous stratum external to the region 
of the vascular bundles. The longitudinal 
axis of the fibres of this stratum runs 
parallel to the longitudinal axis of the 
valves (e.g. Dinizia excelsa, Ducke ). 

N. CARMICHAELIA TyPE — The scleren- 
chymatous stratum consists of one layer 
only, with fibres all oriented more or less 
diagonally. 

The following forms can be distinguished 
here: 

(a) The outer parenchymatous layer 
consists only or almost only of thin-walled 
cells (e.g. Astragalus macrocarpus DC., 
Fig. 20, Carmichaelia williamsii Kirk, 
C. odorata Colenso, C. solandri Simpson, 
Corallospartium crassicaule J.B. Arm- 
strong, Chordospartium stevensomi Cheese- 
man, Inga marginata Willd.’ ). 

(b) The outer parenchyma layer con- 
tains stone cells and beneath the outer 
epidermis collenchyma (e.g. Retama 
roetam ( Forsk.) Webb, Fig. 19; Anagyrıs 
foetida L., Fig. 17; Sophora secundiflora 
1.38:®:). 

(c) The outer parenchyma contains an 
additional layer of groups of stone cells 
alternating with a group of short palisade- 
like sclerenchymatous cells. The inner- 
most cell-layers of the sclerenchymatous 
stratum consist of fibres much thinner 
than those of the bulk of this stratum 
(e.g. Swartzia liocalycina Benth.). 


5. Here occur in the outer parenchyma vas- 
cular bundles accompanied by rich scleren- 
chyma. 

6. Without stone cells. 


(d) In the outer parenchyma there 
occurs a layer of stone cells (e.g. Caesal- 
pinia nuga Ait.). 

O. SCORPIURUS TYPE ( Figs. 10, 15 ) — 
The sclerenchymatous stratum is re- 
presented by a layer of somewhat lignified 
palisade-like cells. In the outer paren- 
chyma sclerenchyma strips occur, which 
run parallel to the longitudinal axis of 
the fruit and form ribs on its surface 
(e.g. Scorpiurus muricata L., Figs. 10, 


P. DıaLıum Type — The sclerenchy- 
matous stratum consists of stone cells 
which attain a palisade-like shape in the 
outermost layers (e.g. Dialium sp.). 

©. TRIFOLIUM TYPE (Fig. 9 )—Valves 
without sclerenchymatous stratum. 

The following forms have been dis- 
tinguished here: 

(a) Sclerenchymatous girders occur in 
ribs of the outer parenchyma (e.g. Meli- 
lotus sp., Fig. 9). 

(b) Sclerenchymatous girders occur in 
the outer parenchyma without producing 
ribs (e.g. Trifolium subterraneum L.). 

(c) Sclerenchyma occurs only in the 
outer emergences (prickles). Beneath 
the outer epidermis there exists a collen- 
chymatous layer ( e.g. Glycyrrhiza echinata 


(d) No sclerenchyma throughout, but 
the more or less cubic cells of the inner 
epidermis are thick-walled (e.g. Trifolium 
stellatum L.). 

(e) As above, with the cells of the inner 
epidermis fibre-like and oriented in the 
direction of the longitudinal axis of the 
fruit. The outer parenchyma comprises 
thick bundles of fibres oriented perpendi- 
cular to the longitudinal axis of the 
valves (e.g. Trigonella arabica Del.). 

The above types certainly do not ex- 
haust the whole range of pericarp struc- 
tures, but even so, they do show that the 
legumen is far from being unvaried, even 
in pods possessing identical mechanisms 
of dehiscence. They further show that 
different structural patterns may occur 
even within a single genus (e.g. Astra- 
galus, Trigonella, Acacia, etc.). This, no 
doubt, indicates that the evolution of the 
pericarpial structure proceeded indepen- 
dently in the three subfamilies and even 
in individual genera. 
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The above mentioned types may be 
arranged in the following groups according 
to the structure of the sclerenchymatous 
stratum, which is the most important 
tissue as far as the dehiscence of the 
legumen is concerned: À 

I— The two layers of fibres are ar- 
ranged more or less perpendicular to each 
other: Astragalus type A, Acacia type B, 
Archidendron type F and Entada type G. 
Legumen, valvately dehiscent or a typical 
lomentum (e.g. Ornithopus ) or a lomen- 
tum, which after shedding the segments, 
persists as a frame (e.g. Entada scandens ). 

II— The two layers of fibres cross 
each other forming between them a sharp 
angle: Hymenocarpus type C, Calycotome 
type D and Cyanophylla type E. Pods 
dehisce tardily or very little or not at all. 

III — One layer of fibres runs tan- 
gentially to the valve surface, and the 
other consists of stone cells or palisade- 
like sclerenchymatous cells: Cynometra 
type H. Pods indehiscent. 

IV — Valves with only one layer of 
fibres. Legumen indehiscent, or not ac- 
tively dehiscent: Trigonella type K, 
Albizzia type L, Dinizia type M, Carmi- 
chaelia type N; or dehiscent: Vicia type I. 

V — The fibres of the single layer are 
differently oriented in various parts of 
the valve: Coronilla type J. Pods in- 
dehiscent. 

VI — The sclerenchymatous stratum is 
built up of stone cells or palisade-like 
thick-walled cells, or of both. Pods not 
valvately dehiscent: Scorpiurus type O, 
Dialium type P. 

VII — No sclerenchymatous stratum. 
Pods at least not actively dehiscent: 
Trifolium type ©. 


Dehiscence and Micellar Structure 


Since the structure of the valves, 
especially of their sclerenchymatous stra- 
tum, is supposedly connected with the 
mode of dehiscence, the presence of 
differently oriented fibres in the scleren- 
chyma in indehiscent pods cannot be 
otherwise interpreted than as a remnant 
of a once active dehiscence apparatus. 

The vestigial nature of the dehiscence 
apparatus is especially striking in those 
cases, where the pod has become in- 
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dehiscent through loss of the separation 
tissue, while still preserving the whole 
active apparatus or a part of it (e.g. 
Hymenocarpus circinnatus, Enterolobium 
sp.). The relic nature of this apparatus is 
also obvious in such pods in which only 
one of the two components of the appa- 
ratus has been left (e.g. Coronilla type ) 
or where the zone of active tissue has 
changed its typical structure (e.g. Scor- 
piurus type) or entirely disappeared 
(e.g. Trifolium type ). 

However, the location and orientation 
of the active cells, by themselves, cannot 
be considered the major factors in de- 
hiscence. The basic causes are to be 
found in the micelles of the walls of those 
cells which effect dehiscence. Differences 
in the orientation of these micelles are 
the main reason for the unequal shrinking 
and swelling of cells in different directions, 
which lead to dehiscence. (Steinbrinck, 
1873, 1878, 1883, 1906, 1925; Zimmer- 
mann, 1881, 1883-1884; Guttenberg, 1926). 
In most Leguminosae the micelles are 
similarly oriented. Thus the axes of all 
cells contract chiefly in one direction and 
dehiscence is mainly due to the different 
orientation of the prosenchymatous cells. 

Some legumens of the Vicia type, in 
which all fibres of the sclerenchymatous 
stratum are oriented in one direction, 
may show two layers differing in the 
orientation of their micelles. This ar- 
rangement was found to occur in Lupinus 
angustifolius and Wisteria sinensis, and 
by Monsi ( 1942-43 ) in Glycine max. The 
innermost layer in Lupinus has longi- 
tudinal micelles and the adjacent layer 
transverse. The cell walls of the outer 
epidermis and hypodermis show a longi- 
tudinal micellar orientation. Wisteria 
sinensis is similar, but the cell walls of 
the massive bands of fibres accompany- 
ing the vascular bundles of Wisteria, which 
are parallel to the fibres of the scleren- 
chymatous stratum, show transverse 
micelles, and the cells of the thick hypo- 
dermal zone, which cross the fibres of the 
sclerenchymatous tissues of the valve, 
have walls with longitudinal micellar 
orientation. 

In other cases, as for example in 
Ormthopus compressus, which has a two- 
layered sclerenchymatous stratum, the 


1955] FAHN & ZOHARY—ON THE PERICARPIAL STRUCTURE OF THE LEGUMEN 107 


separation tissue between the valves is throws some light on the dominance of 
undeveloped, and the micellar orientation the various anatomical structures in these 
of the crossed fibres is such as to prevent subfamilies. Thus, in the Mimosoideae, 
movements of the valves in response to the most primitive subfamily of the 
desiccation. The longitudinal fibres of Leguminosae, no species was found with- 
the inner layer of the sclerenchymatous out any sclerenchymatous stratum. How- 
stratum of Ornithopus have longitudinal ever, a comparatively large number of 
micelles, but the transverse fibres of the species and genera showed a two-layered 
outer layer have their micelles transverse sclerenchymatous stratum. 


to the cell-axes. Both layers thus have In the subfamily Caesalpinioideae the 
their micelles parallel to the longitudinal number of species without a sclerenchy- 
axis of the pod. matous stratum is also nil, but the 
number of species and genera with the 

The Evolutionary Trends in two-layered sclerenchymatous stratum, 


the Anatomical Structure ofthe Valves among those examined, is relatively low. 
The species and genera with a one-layered 
Among the numerous structural varia- sclerenchymatous stratum are somewhat 
tions two extreme types may be dis- more numerous. An intermediate form 
tinguished: one with a well developed also occurs, characterized by a scleren- 
sclerenchymatous stratum consisting of chymatous stratum of one layer of fibres 
two layers of crossed fibres, the other tangential to the valve-surface, as usual, 
lacking this stratum altogether. Between and external to it a layer of stone cells or 
them there is a considerable number of  palisade-like sclerenchymatous cells per- 
transitions and deviations, divided above  pendicular to the valve surface. Another 
into seven groups. In order to get an transitional form has a single scleren- 
idea which of the extremes is primitive, chymatous layer built up of stone cells 
and which is more advanced, an attempt or palisade-like cells alone. 


has been made to follow the distribution In the Papilionatae we found a com- 
of the characters within the subfamilies paratively small number of species and 
of the Leguminosae. genera containing a two-layered scleren- 


Table 1, though based on a relatively chymatous stratum and a large number 
small number of genera and species, of species and genera with one layer of 


TABLE 1 — THE DISTRIBUTION OF THE MAIN STRUCTURAL GROUPS OF THE 
VALVES SHOWING THE FREQUENCY OF EACH GROUP AMONG THE EXAMINED 
SPECIES AND GENERA OF THE SUBFAMILIES OF THE LEGUMINOSAE 


SUBFAMILY COMPONENTS OF THE SCLERENCHYMATOUS STRATUM TOTAL 
— A —EXAMINED! 
Two layers One layer Only one Stone cells Sclerenchy- 
of differently of fibres layer of or palisade- matous 
orientated and one lay- fibres like scleren- stratum 


fibres er of stone chymatous lacking 
cells or pa- cells 
lisade-like 
sclerenchy- 


matous cells 


Mimosoideae {species 8 0 4 0 0 12 

; ‘genera 5 0 4 0 0 8 

pire specie 2 5 1 0 9 

Caesalpinioideae { pote - 2 5 1 0 8 

Papilionat species 14 0 37 1 5 57 

apilionatae genera 6 0 31 1 4 38 
1. Some of the genera belong to more than one structural group. 


a Ler 
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fibres’. The transitional form, consisting 
of only one sclerenchymatous layer of 
stone cells or palisade-like cells, was 
found in one species. It is only this 
subfamily in which the type lacking a 
sclerenchymatous stratum altogether has 
been found by us. This type seems to 
be extremely derived. In the genus 
Astragalus, of which we examined a con- 
siderable number of species, most had a 
two-layered sclerenchymatous stratum, 
and only few had a one-layered stratum. 
Attention may be drawn to the fact that 
among the group of species with two 
fibre-layers, various stages of abortion of 
one of the layers can be found. In some 
species it is the inner layer, while in 
others — the outer one. In Astragalus 
kahiricus, for instance, the outer layer is 
even split into isolated fragments. 

From the above the following conclu- 
sions may be drawn: 

(1) Legumens with the two-layered 
sclerenchymatous stratum are more pri- 
mitive than those with the one-layered. 

(2) The occurrence of transitional stages 
between the two-layered and the one- 
layered stratum, as well as between the 
latter and pods without any sclerenchy- 
matous stratum, clearly indicates that 
there is a trend leading to reduction of 
this stratum and eventually to its dis- 
appearance, 

(3) Hence, the most derivative type 
seems to be represented by valves with 
no sclerenchymatous stratum. 

(4) These conclusions may also find 
some support in the assumption put 
forward by Corner (1949), according 


7. Here, in the dehiscent pods, the function 
of the crossed layers has extended to the epi- 
dermis or hypodermis, and in some particular 
cases the different micellar orientation in the 
single layer of the sclerenchymatous stratum is 
responsible for dehiscence. 


to which Pithecolobium and Archidendron 
have the most primitive forms of legu- 
mens ( fleshiness of valves, bright colours 
of the seeds and arils or of the long 


funicles ). Archidendron even exhibits 
apocarpy. In both of these genera two- 
layered sclerenchymatous strata have 


been found. 

(5) Since this evolutionary trend gene- 
rally leads toward indehiscence, the in- 
dehiscent legumens should be regarded 
as derived. The presence, in indehiscent 
legumens, of tissues which are obviously 
relics of degenerate dehiscence apparatus 
corroborates this view. 


Relation between Structure, Fruit 
Form and Dehiscence 


As pointed out above, there is in most 
cases a correlation between the anatomical 
structure of the valve, especially of the 
sclerenchymatous stratum, and the de- 
hiscence or indehiscence of the legumen, 
This correlation has probably led to the 
development of the various types of 
fruits in the Leguminosae ( Fig. 21). 

In group I, where the two layers of 
fibres are arranged more or less per- 
pendicularly to each other, the pods are 
mostly valvately dehiscent, but other 
fruit forms also occur (types A, B, F, 
G). In Astragalus kahiricus and Aca- 
cia decurrens, for instance, the fruit 
opens as a follicle. In Entada scandens 
the fruit separates into indehiscent one- 
seeded segments leaving a frame which 
encloses all of them. In Ornithopus spp. 
the fruit is a simple lomentum. 

In group II, where the two layers of 
fibres cross one another in a sharp angle 
(types C, D, E), the pods are more or 
less dehiscent, except in Enterolobium sp., 
where the separation tissue is undeve- 


loped. 


<— 


Fic. 21 — Scheme of the various anatomical and morphological types of the legumen ( expla- 


nations see text ). 


Arrows indicate probable evolutionary trends. 


Sclereids, palisade-like cells and 


fibres are represented by cubes and short or long blocks respectively with their corresponding orien- 


tation. 
Inner surface of valve in the foreground. 


The remaining tissues and sclerenchyma accompanying vascular bundles are shown blank. 
The alphabets refer to the types as described in text*. 


*The scheme of type (C) is similar to this, except for the reverse orientation of the two 
layers of the sclerenchymatous stratum (see text ). 
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In group III, with one layer of fibres 
and one of stone or palisade-like cells 
(type H) there occur only indehiscent 
pods. 

In group IV, with a one-layered 
sclerenchymatous stratum, various types 
of fruits are found: 

(a) Valvately dehiscent pods, e.g. Vicia 
type (I), Ormosia emarginata of the 
Albizzia type (L) and Swartzia liocalycina 
of the Carmichaelia type (N). 

(b) Indehiscent or not actively dehis- 
cent pods, e.g. Trigonella type (K), most 
of the examined species of the Albizzia 
type (L), Dinizia type (M), and a part 
of Carmichaelia type (N). 

(c) Pods passively dehiscent, leaving 
a ‘replum ’-like frame, e.g. Carmichaelia 
spp. of Carmichaelia type (N). 

Group V, with the fibres of the one 
layer differently oriented in various parts 
of the valve, includes lomenta, e.g. Coro- 
nilla type (J). 

Group VI, in which the sclerenchy- 
matous stratum is built up of stone cells 
or palisade-like cells, includes lomenta, 
e.g. Scorpiurus type (O), and one-seeded 
indehiscent pods, e.g. Dialium type (P). 

In group VII, with no sclerenchymatous 
stratum, we found indehiscent, many- 
seeded pods (e.g. Glycyrrhiza echinata, 
Trigonella arabica) or one-seeded pods 
(e.g. Trifolium spp., Melilotus spp.). 

For an active dehiscence of the legu- 
minous pod, two factors are necessary: 
(1) the crossing of the sclerenchymatous 
cells or/and the crossing of their cellulose 
micelles; (2) the presence of a separation 
tissue extending in the region of the 
suture from the inner to the outer epi- 
dermis. These two tissue-complexes have 
during their evolution undergone many 
changes independently leading to partial 
or complete reduction. In Entada scan- 
dens, for instance, both the fibres and the 
micelles cross, but the separation tissue 
has migrated from its radial sutural 
position to a tangential-marginal one, 
and so enabled the ripe fruit to separate 
into indehiscent one-seeded segments, 
leaving a replum-shaped frame all along 
the pod. In Carmichaelia spp. the posi- 
tion of the separation tissue has changed 
so as to enable separation of two valves 
from a ‘replum’, thus forming a frame. 
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But the separation of the valves here 
takes place only passively, because of 
the abortion of one of the two fibre layers 
of the sclerenchymatous stratum. In 
other cases both tissues have completely 
disappeared, yielding an indehiscent pod, 
e.g. Trifolium type (Q). 

The dehiscent pod of the Vicia type (I) 
and the indehiscent pod of Dinizia type 
(M) seem to be side lines in the evolution 
of the legumen (Fig. 21). In the Vicia 
type (I) a well developed separation tissue 
stili exists, while the crossing apparatus 
is built up of a one-layered sclerenchy- 
matous stratum and an epidermal or/and 
a hypodermal layer which has secondarily 
become sclerenchymatous. 

In some species with active crossing 
apparatus the separation tissue is confined 
to only one of the sutures, either to the 
dorsal suture (e.g. Acacia decurrens ) or 
to the ventral suture (e.g. Astragalus 
kahiricus ). In both cases the pod de- 
hisces as a follicle. 


Summary 


The anatomical structure of the peri- 
carp of nearly 100 species belonging to 
over 50 genera of the Leguminosae has 
been examined. 

Seventeen main anatomical types of 
the pericarp were distinguished, based 
on the following characters: (1) Presence 
or absence of an inner sclerenchymatous 
stratum, (2) Nature of the elements 
comprising this stratum, (3) Variations 
in the orientation of the fibres in the 
sclerenchymatous stratum, (4) The ap- 
pearance of sclerenchyma in the outer 
parenchymatous stratum and (5) The 
differentiation of the epidermal cells into 
elongated sclerenchyma-like elements. 

Close correlation has been shown to 
exist between the mode of dehiscence 
of the legumen, the orientation of the 
fibres and the micellar structure of their 
walls. Evolutionary trends in the ana- 
tomical structure of the valves are re- 
cognized. They seem generally to be 
related with the form of the fruit and its 
mode of dehiscence. A sclerenchymatous 
stratum consisting of two fibre layers 
with different orientation seems to be 
the most primitive type, while valves 
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devoid of any sclerenchymatous stratum 
seem to be most derivative. 

In addition there are transitional types 
with various structural patterns. These 
include the following: valves with a 
sclerenchymatous stratum built up of a 
layer of similarly oriented fibres together 
with a layer of sclereids or palisade-like 
sclerenchymatous cells; valves with a 
sclerenchymatous stratum of similarly 
oriented fibres only; and valves with a 
stratum of sclereids or palisade-like cells 
only. These trends lead towards in- 


dehiscence of the legumen. 

In a side-line, which leads to dehiscence, 
(e.g. Vicia type), the sclerenchymatous 
stratum is represented by a single layer 
of similarly oriented fibres, while the 
epidermal cells have been specialized by 
becoming sclerenchyma-like and elon- 
gated. 

Our thanks are due to Mr. E. J. H. 
Corner, Miss B. F. Slade and the Her- 
barium of the Royal Botanic Gardens, 
Kew, for providing part of the plant 
material, 
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THE STRUCTURE AND DEVELOPMENT OF THE OVULE 
AND SEED OF OPUNTIA DILLENII HAW. 


P. MAHESHWARI & R. N. CHOPRA 
University of Delhi, Delhi, India 


Introduction 


As early as 1860 Braun (quoted in 
Ganong, 1898a) reported polyembryony 
in Opuntia tortispina. He also suggested 
that the four cotyledons he had noticed 
in O. glaucophylla may be the result of 
fusion of two embryos and hence an indi- 
cation of polyembryony. Hull (1895; 
quoted in Archibald, 1939 ) reported poly- 
embryony in ©. rafinesquii, and Ganong 
( 1898a) in O. vulgaris. Polyembryony 
also occurs in O. ficus indica and O. leu- 
cantha ( Montemartini, 1899). Archibald 
( 1939 ) observed the occurrence of nucellar 
embryos in O. aurantiaca, but reported the 
absence of endosperm. A couple of years 
ago we undertook a study of O. dillenii 
Haw. and have already recorded the 
occurrence of nucellar polyembryony in 
this species (see Maheshwari & Chopra, 
1954). A detailed account of this pheno- 
menon and several other features is given 
in the following pages. Tiagi’s papers 
( 1954a, b) on O. dillenii will be referred 
to at appropriate places in the text. 


Material and Methods 


Some of the material was sent by Prof- 
essor J. Venkateswarlu ( Andhra Univer- 
sity, Waltair, S. India); the rest was 
collected from plants growing on the New 
Delhi Ridge during the months of April 
and May, 1953 and 1954. Formalin- 
acetic-alcohol was used for fixation and 
the material was stored in 70 per cent 
ethyl alcohol. It was dehydrated and im- 
bedded according to customary methods. 
Sections were cut 6-15 u thick and 
Stained with iron-haematoxylin and with 
safranin-fast green. Older seeds were 
treated with hydrofluoric acid (10 per cent 
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HF in 70 per cent alcohol) for 15-20 days 
previous to sectioning. Dissections of 
mature seeds were made in order to study 
the percentage of fertility and polyem- 
bryony. Some free-hand sections of the 
seeds were cut and stained with safranin 
and fast green for a study of the structure 
of the mature seed coat. 


Observations 


OvuLE — The placentation is parie- 
tal, and the ovules are usually arranged 
in pairs along nine longitudinal rows 
(Fig.1). 

The ovular protuberance is at first 
straight, but rapid growth on one side 
causes it to become anatropous. The 
curvature does not stop here but conti- 
nues until the ovule has undergone a com- 
plete circular rotation (Figs. 2-5). In 
later stages the nucellus and the embryo 
sac become markedly bent ( Figs. 33, 37) 
and correspondingly the embryo also 
assumes a horseshoe-shaped appearance 
(Pigs St): 

The funiculus surrounds the ovule and 
gives the appearance of a third integument. 
Indeed it has been considered as such by 
some authors (d’Hubert, 1896). Deve- 
lopmental studies, however, easily reveal 
its true nature. Johnson ( 1918 ) correctly 
described the seed of Opuntia fulgida as 
having a protective jacket which is “ de- 
rived from the funiculus, and surrounds 
the seed completely ”. 

Mostly each ovule has a separate funi- 
culus ( Fig. 6), but at times two ovules 
are borne on a common stalk ( Figs. 
7-9). In the basal region the vascular 
supply of the two ovules may remain 
separate ( Fig. 7) or there may be a com- 
mon bundle (Figs. 8, 9). Buxbaum 
(1953) describes two different types of 
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Fics. 1-13 —(as, air space). Fig. 1. T.s. ovary showing nine placentae ( outer tissues trimmed 
away). X 8. Figs. 2-5. L.s. ovules at different stages of development (vascular supply not 
drawn). X 44. Figs. 6-8. Ovules with separate and branched funiculi. x 7. Fig. 9. L.s. branched 
funiculus. x 44. Fig. 10. L.s. ovule showing the vascular strand and the papillate hairs on the 
inner surface of the funicle. x 44. Fig. 10A. Part A in Fig. 10 enlarged to show the papillae. 
x 234. Fig. 11. L.s. upper half of an ovule at the mature embryo sac stage. The epidermal cells 


at the nucellar tip are undivided; those along the sides have produced a multilayered tissue. x 234. 
Figs. 12, 13. Sections of two twin ovules. For explanation, see text. x 44. 


branching. In the first or ‘false’ branch- connecting it to the placenta. In the 
ing the funiculi form a tuft, and although second or ‘true’ branching the funiculi 
they are partly connected at the base, each form a tuft of branched stalks whose 
funiculus has a separate vascular strand vascular strands are united at the base, 
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Thus O. dillenii shows both false and true 
branching. Ovules with a common funi- 
culus have also been reported in O. auran- 
tiaca ( Archibald, 1939), but it cannot be 
said whether the branching is false or true 
as no mention has been made of their vas- 
cular supply. 

The funicle is traversed by a vascular 
strand which passes along the edge of the 
ovule and ends in the chalaza ( Fig. 10). 
The inner surface of the funicle is covered 
with short papillate hairs which are direct- 
ed towards the micropyle ( Figs. 10, 10A ). 
They have dense protoplasmic contents 
and larger nuclei than those of the under- 
lying cells. Similar papillae occur in 
Rhipsalis (Mauritzon, 1934), Pereskia 
(Neumann, 1935) and Opuntia auran- 
tiaca ( Archibald, 1939). Guignard (1886) 
and others think that they help to direct 
the pollen tube to the micropyle. Schu- 
mann (1898) refers to them as ‘ guiding 
hairs’. This is also supported by our 
observations; the papillae grow as the 
embryo sac reaches maturity but degene- 
rate after the pollen tubes have reached 
the ovules. 

The ovule is bitegmic and crassinucel- 
late. The micropyle is formed by the 
swollen tip of the inner integument ( Fig. 
5). Both the integuments are 2-layered 
except in the micropylar part, where they 
are three to five cells thick (Fig. 11). O. 
aurantiaca (Archibald, 1939) is similar, 
but Ganong (1898a) writes that in O. vul- 
garis they are made up of three distinct 
layers of cells. 

Two cases of twin ovules were observed. 
In each they were borne upon and en- 
closed by a common funiculus which 
had two vascular strands instead of one 
( Figs. 12, 13). In one case the two 
nucelli were situated side by side having 
a common outer and inner integument 
(Fig. 12). In the other only the outer 
integument was common while each nu- 
cellus had a separate inner integument 
( Fig. 13). 

There is a characteristic air space 
between the inner and the outer integu- 
ment in the chalazal region of the ovule, 
which is quite conspicuous even at the 
megaspore mother cell stage (Figs. 4, 
5). A similar air space has also been 
reported in ©. awrantiaca ( Archibald, 
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1939) and Pereskia amapola (Neumann, 
1935). 

ae cells of the nucellar epidermis, 
excepting those situated just against the 
micropyle, undergo periclinal and anti- 
clinal divisions to form a multilayered 
tissue (Figs._ 11, 15). The cells at the 
tip elongate, show denser contents and 
prominent nuclei, and remain undivided 
in prefertilization stages. Mauritzon 
( 1934 ) also refers to such cells at the apex 


of the nucellus in Rhipsalis. Similar cells 


are present in Pereskia amapola ( Neu- 
mann, 1935), but they undergo one divi- 
sion even before fertilization. 

ARCHESPORIUM — Generally there is 
only one hypodermal archesporial cell 
which cuts off a wall cell ( Fig. 14), but 
occasionally two have been observed and 
these may lie side by side or one below 
the other. When they lie side by side 
both divide to form a primary parietal 
cell and a megaspore mother cell ( Fig. 
16), but when they lie one below the other 
it is only the upper which divides to cut 
off the primary parietal cell ( Fig. 17). 
In no case, however, was more than one 
tetrad or embryo sac observed, so that it 
seems that ordinarily only one of the 
megaspore mother cells functions. In 
O. aurantiaca Archibald (1939) reported 
the occurrence of two archesporial cells 
which divide simultaneously to form twin 
dyad and ‘triad’ stages, but eventually 
only one embryo sac develops. 

The primary parietal cell undergoes one 
anticlinal division to form two cover cells 
(Fig. 15). One or both of these cells 
sometimes become enlarged (Figs. 18, 
19) and simulate sporogenous cells, but 
in no case have they been seen to be 
functional as reported in some other plants 
like Ruppia ( Murbeck, 1902), Butomus 
( Holgmren, 1913) and Urginea ( Capoor, 
1937). In one case a nucellar cell lying 
by the side of the megaspore mother cell 
was also seen to have become prominent 
( Fig. 18), but such cells do not seem to 
play any significant role. 

MEGASPOROGENESIS — The megaspore 
mother cell divides to form two dyad cells 
( Figs. 20, 21 ), but their further behaviour 
is quite variable. Both of them may 
divide simultaneously ( Fig. 22), or the 
lower may divide first ( Fig. 23), and the 
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upper only when the megaspore next to 
the chalazal starts degenerating ( Fig. 
24); or, as is more usual, the upper dyad 
cell may not divide at all so that a row 
of only three cells is formed ( Fig. 25). 
The orientation of the spindle in the upper 
dyad cell in Figs. 22 and 24 suggests the 
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formation of a T-shaped and a linear 
tetrad of megaspores respectively. In any 
case, it is the chalazal megaspore which 
develops into the embryo sac, whereas 
the cells lying above it — three mega- 
spores, or one megaspore and an undivid- 
ed dyad cell — promptly degenerate. 


Fias. 14-30 — Fig. 14. L.s. nucellus with a young megaspore mother cell and the primary 


parietal cell. x 395. 
x 395. 


19. Same, showing the abnormal -behaviour of parietal and nucellar cells, te 
Megaspore mother cell dividing and subsequent variation in the formation of a tetrad. 
2-, 4- and 8-nucleate embryo sacs, x 395, 


Figs. 26-28. 
embryo sacs. x 395, 


Figs. 16, 17. L.s. two nucelli, each with a pair of megaspore mother cells. 


Fig. 15. Same, showing the megaspore mother cell and two parietal cells. 


x 395. Figs. 18, 
Figs. 20-25. 
x 395. 
Upper half of two mature 


K 395. 


Figs. 29, 30. 


Fics. 31-34 — ( The dots in the embryo sacs shown in Figs. 33, 34 represent endosperm nuclei ). 
Fig. 31. Embryo sac with one healthy and one degenerating synergid. The primary endosperm 


nucleus shows an indication of triple fusion. x 406. 
polar nuclei and degenerating egg apparatus. x 406. 


Fig. 32. Upper half of an embryo sac with 
Fig. 33. Embryo sac ( along with nucellar 


tissue ) showing a single micropylar embryo and numerous endosperm nuclei ( semi-diagrammatic ). 


X22: 
starch grains. X 306. 
suspensor. x 306. 
13) "Fig 344 


FEMALE GAMETOPHYTE — The nucleus 
of the functional megaspore undergoes 
three successive divisions forming an 8- 
nucleate embryo sac of the Polygonum 
type ( Figs. 26-28). The antipodal cells 
are ephemeral and disorganize soon after 
their formation. The polar nuclei are 
quite conspicuous (Figs. 28, 30, 32). 
The synergids are fairly large, and often 
show prominent hooks and a filiform appa- 
ratus (Figs. 29-31). Abundant starch 
grains are often met within the mature 
embryo sac ( Figs. 11, 31 ), as also reported 
by d’Hubert (1896), Mauritzon (1934) 
and Archibald ( 1939). 

ENDOSPERM — Pollen tubes were seen 
in some ovules, but the actual act of 


Fig. 33A. Part of endosperm enlarged to show nuclei with the surrounding cytoplasm and 
Fig. 33B. Embryo shown in Fig. 33 enlarged to show well developed 
Fig. 34. L.s. upper part of an ovule showing a single embryo ( diagrammatic ). 
Embryo enlarged from Fig. 34 to show its broad base. X 306. 


double fertilization has not been observed. 
Only in one ovule there was some sugges- 
tion of triple fusion ( Fig. 31). In this 
case the polar nuclei had fused to form a 
large secondary nucleus, and by the side 
of its large nucleolus there lay a smaller 
one which must probably be traced to 
a male gamete. This embryo sac also 
showed one degenerating and one healthy 
synergid, which is a common feature in 
angiosperms during early post-fertilization 
stages. We are, however, not in a posi- 
tion to say that syngamy and triple 
fusion always occur. It might be that 
the endosperm develops as a result of 
pseudogamous stimulation by the pollen 
tube, 
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The endosperm is of the nuclear type. 
Abundant free nuclei are formed, often 
containing more than one nucleolus ( Fig. 
33A). They are embedded in dense cyto- 
plasm containing numerous starch grains. 
The nuclei are distributed throughout 
the long and curved embryo sac cavity, 
but are specially aggregated at the chalazal 
end ( Figs. 33, 37). 


Wall formation in the endosperm has 
not been observed. During the matura- 
tion of the seed prattically the whole of 
the endosperm is consumed by the growing 
embryo or embryos. 

EMBRYOGENY — Almost always the egg 
becomes depleted of its contents, its wall 
begins to shrivel and ultimately the cell 
collapses (Figs. 29, 32). The synergids 


Fics. 35-38 — (em, embryonic mass; pt, pollen tube; the dots in the embryo sacs in Figs. 35, 


36, 37 and 38 represent endosperm nuclei.) 


and an embryonic mass imbedded in the nucellar tissue (diagrammatic ). x 14. | 
Fig. 36. L.s. upper part of an ovule with two micropylar embryos 
Embryos enlarged from Fig. 36. x 333. 


of Fig. 35 enlarged. x 333. _ 
(diagrammatic). x 12. Fig. 36A. 


showing position of adventive embryos at A-F (diagrammatic). x 14. 
x 333. 
diagrammatic ). x 14. 


view of embryos A-F shown in Fig. 37. 
positions of the various embryos at A-C ( 
embryos at A-C shown in Fig. 38, x 333, 


Fig. 35. L.s. upper half of an ovule with a pollen tube 


Fig. 35A. Portion 
Fig. 37. L.s. ovule 
Figs. 37A-F. Magnified 
Fig. 38. L.s. upper half of an ovule showing 
Figs. 38A-C, Enlarged view of 


118 


form a darkly staining irregular mass ( Fig. 
32) which gradually dissappears. The 
polar nuclei remain healthy for some time, 
but ultimately they also degenerate in the 
majority of embryo sacs. In: ovules 
having endosperm, embryo initials are 
differentiated from the nucellar cells at 
the micropylar end ( Figs. 35, 36) and in 
many cases also along the sides of the 
embryo sac (Figs. 37, 38). The cells 
become richly protoplasmic and often 
contain starch grains ( Figs. 37A, C, E, 
F; 38A-C). The contents of such cells 
round off and their limiting membranes 
become thicker ( Figs. 37E, F ). 

The first division of the embryo ini- 
tial cell is usually transverse or oblique 
( Figs. 37D-F ). Further divisions, which 
do not follow any definite sequence, result 
in the formation of embryonic masses 
(Fig. 35A ) which later project into the 
cavity of the embryo sac (Fig. 37C). 
The number of such embryonic groups 
varies and as many as six of them have 
been observed in a single embryo sac 
( Figs. 37, 37A-F ). Since they are formed 
at different times, various stages of em- 
bryo development can be observed in the 
same ovule. In one ovule there were all 
intermediate stages ranging from a one 
celled to a globular proembryo ( Figs. 38, 
38A-C ). 
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Fics. 39-43 — Fig. 39. A single embryo 
from a seed. x 5. Figs. 40, 41. Two pairs 
of embryos, each obtained from a single seed. 
X 5. Fig. 42. Embryo with three (slightly 
displaced) cotyledons. x 5. Figs. 43, 43A. Two 
views of an embryo with five cotyledons. x 5. 
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Along the sides of the embryo sac the | 
embryonic cells are fairly well separated | 
from one another, but at the micropylar | 


end two or more of them may be situated 
side by side ( Figs. 35A, 37A). 


occur among these groups. 


have been observed ( Figs. 42, 43, 43A ). 


Ganong (1898b) reports the occurrence | 
of three cotyledons in some other species | 
of Opuntia and a still larger number in | 


O. vulgaris. At times only one embryo 


was seen, ( Figs. 33, 34) and this had a | 
well developed suspensor (Figs. 33B, 34A). | 


While many nucellar embryos are ini- 


tiated there is apparently a keen competi- | 
tion among them and as development | 


proceeds only one or two persist. In the 


seeds dissected by us only one well deve- | 
loped embryo was seen ( Fig. 39), some- | 
associated with another much | 


times 
smaller embryo having two short and at | 
times unequal cotyledons ( Figs. 40, 41). 
In O. aurantiaca ( Archibald, 1939) also. 
only one embryo (rarely two) survives 
in the mature seed, though in ©. vulgaris. 
(Ganong, 1898a) there may be more. 
than one small embryo along with the 
larger one. 

SEED CoaT—As_ mentioned before, 
both the integuments are 2-layered ( Fig. 


44) except in the micropylar region where 


they are three to five cells thick. 

No cell divisions take place in the in-. 
teguments. 
the size of the cells accompanied by a 
corresponding increase in the size of the 
nuclei ( Figs. 45, 46). The cells of the 


In the | 
latter case varying degrees of fusions may | 
Thus, em- | 
bryos with three and even five cotyledons | 


There is a general increase in | 


outer layer of the inner integument become | 
flattened and obliterated ( Figs. 45-47). | 


The cell walls in the outer layer of the | 
outer integument and the inner layer of 
the inner integument become slightly 


thickened, and there occurs a deposition 
of tannin granules in the cells of these 
layers (Fig. 45). This deposition in- 
creases in later stages and fills up the cells 
completely ( Figs. 46-48). In the micro- 
pylar region, where the integuments are 
thicker, such deposition also occurs in 
the hypodermal layers. The outer wall 
of the epidermis of the outer integument 
undergoes pronounced thickening ( Figs. 
46-48 ) and often becomes pitted. 


(©) 


Fies. 44-52 — ( f, funiculus; z, integuments; ii, inner integument; n, nucellus; oi, outer integu- 


Figs. 44-48. Portions of integuments and nucellus in 1.s. showing 
progressive development of seed coat. X 193. Fig. 49. L.s. ovule at megaspore mother cell stage. 
x 36. Fig. 49A. Enlargement of a portion of funiculus marked À in Fig. 49. X 193. Fig. 50. 
Portion of the funicle in l.s. along with a part of the outer integument at the mature seed stage. 
One of the cells in the parenchymatous zone contains a sphaeraphide ( reconstructed ). x 193. Fig. 
51. L.s. mature seed showing the curved embryo and the perisperm (semi-diagrammatic ). 


ment; p, perisperm; #, tannin ). 
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The inner layer of the outer integument 
persists for some time (Fig. 47), but 
during later stages of development it gets 
flattened and crushed, so that at maturity 
the seed coat consists of only two layers 
( Fig. 48 ): one being the outer layer of the 
outer integument and the other the inner 
layer of the inner integument. In the 
micropylar region the tannin-filled hypo- 
dermal layers also persist. 

The cells of the funiculus contain 
abundant starch grains ( Figs. 49, 49A ) 
which are gradually used up during its 
further development and maturation. 
The cells of the inner layers (13-20) 


Fig. 52. Surface view of a mature seed with the papillate covering. x 3. 


develop into fibres while the rest remain 
parenchymatous (Fig. 50). The funi- 
culus is closely pressed to the outer in- 
tegument and greatly adds to the strength 
of the seed coat. There arises a papillate 
covering on its outer surface ( Figs. 50, 
52) which later forms a part of the 
fruit pulp. This feature has also been 
reported in other Opuntiales ( Buxbaum, 
1953 ). 

The nucellus increases both by cell 
division and cell enlargement and becomes 
very massive. The derivatives of the 
nucellar epidermis which are at first 
arranged in radial rows get displaced, so 
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that in older stages it is often difficult 
to decide as to which is the epidermal and 
which is the usual nucellar tissue. 

In the mature seed the perisperm forms 
the chief storage region most of which is 
present on the concave side of the curved 
embryo ( Fig. 51). 

In cases where all the contents of the 
embryo sac degenerate the ovules may 
shrivel resulting in the formation of flat 
papery structures. In some cases, how- 
ever, the integument and the funicle conti- 
nue to develop normally and form appa- 
rently healthy seeds which are empty 
within. This feature has also been re- 
ported in O. aurantiaca ( Archibald, 1939). 


Discussion 


In comparing our observations with 
those of previous investigators we find a 
few features which call for special com- 
ment. 

Tiagi (1954b) states that the mega- 
spore mother cell becomes deep-seated on 
account of divisions in the parietal cell 
and the nucellar epidermis. We are un- 
able to support this nor is it corroborated 
by Tiagi’s own figures. In fact, not only 
the megaspore mother cell ( Tiagi’s figs. 
41, 42) but even the dyad and the tetrad 
derived from it ( Tiagi’s figs. 43, 45 & 48 )! 
are separated frein the nucellar epidermis 
by a single layer of cells. As in Opuntia 
aurantiaca ( Archibald, 1939 ) the primary 
parietal cell divides anticlinally and not 
periclinaliy. In Pereskia amapola ( Neu- 
mann, 1935) and Rhipsalis ( Mauritzon, 
1934) two wall layers are formed. The 
cells of the nucellar epidermis divide only 
in post-fertilization stages to form a mas- 
Sive Cap. 

In Pereskia amapola ( Neumann, 1935 ) 
a normal tetrad of megaspores is formed, 
whereas in Rhipsalis ( Mauritzon, 1934 ) 
and Opuntia aurantiaca ( Archibald, 1939 ) 
a ‘triad’ is formed consisting of two 
megaspores and an upper undivided dyad 
cell. In both Pereskia and Rhipsalis as 
well as in Opuntia dillenii investigated here 
it is the chalazal megaspore which deve- 


1. Only one drawing of Tiagi (his fig. 44) 
shows a periclinal division in the parietal 
cells, 
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lops to form a normal 8-nucleate em- 
Only in O. aurantiaca Archi-. 
bald (1939) reports that it is the upper | 


bryo sac?. 


undivided dyad cell which forms the 
8-nucleate embryo sac. This would 
then be of a bisporic nature ( Allium type ), 
the difference being that here it is the 
micropylar and not the chalazal cell which 
forms the embryo sac. 


in the Cactaceae is by d’Hubert ( 1896 ) 


who reported the occurrence of a Lili- 


um (= Adoxa) type of embryo sac in 
Phyllocactus, but this has already been 
rejected by Dahlgren (1927) and Mauritzon 
(1934). 

A peculiar feature which Archibald 
(1939) has reported in O. aurantiaca is 
the total absence of endosperm?. 


The only other — 
record of a non-monosporic embryo sac 


In no | 


other member of this family has such a | 


condition been reported, however. In 
Opuntia vulgaris Ganong (1898a) ob- 
served the presence of abundant endo- 
sperm, and Mauritzon ( 1934) reports the 
same in Rhipsalis. Huber (1929) has 
reported endosperm formation in over 
half a dozen genera of the family: Opuntia, 
Pereskia, Rhipsalis, Cereus, Phyllocactus, 
Echinopsis, Mamillaria, and Echinocactus. 
We have confirmed it in Opuntia dillenit 
( see also Tiagi, 1954a). The condition 
in QO. aurantiaca probably needs reinvesti- 
gation. 

Originally Tiagi (1954a) stated that 
in Opuntia dillenii there is a single 
‘apparently zygotic’ embryo, but now he 
(Tiagi, 1954b) has confirmed that 
nucellar embryos are abundantly present 
in his material. This falls in line with 
our earlier observations ( Maheshwari & 
Chopra, 1954). 

Ganong ( 1898a ) observed some ovules 
of O. vulgaris having a single embryo 
arising from the micropylar end, but adds 
that all embryos whether at the micro- 
pylar end or along the side walls are of 
nucellar origin and that the egg is no 


2. Tiagi (1954b) figures one case in O. 
dillenii where the nucleus of the upper dyad cell 
divided without accompanying wall formation, 
but as this must be an abnormality, no great 
significance can be attached to it. 

3. The only other cases of the lack of endo- 
sperm in angiosperms concern the families 
Podostemonaceae, Orchidaceae (see Mahesh- 
wari, 1950) and Trapaceae (Ghosh, 1954). 
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longer seen when embryo formation begins. 
As mentioned before, cases of the occur- 
rence of a single micropylar embryo have 
also been seen sometimes in O. dillenii. The 
possibility of a zygotic embryo cannot be 
ruled out completely, but, in any case, this 
would be a rare occurrence. 

Ganong reported more than one embryo 
in about 50 per cent of the seeds of O. 
vulgaris. No data are available regarding 
the frequency of polyembryony in 0. 
aurantiaca (Archibald, 1939). In ©. 
dillenii we found most seeds to be empty, 
and of the fertile ones only 2-3 per 
cent have more than one embryo at 
maturity. 

Regarding the role of pollination in the 
production of adventive embryos, Archi- 
bald ( 1939 ) reports that in O. aurantiaca 
adventive embryos are formed without 
previous pollination or fertilization. Gan- 
ong (1898a) observed pollen tubes in 
O. vulgaris and also reports fertilization, 
but states that the egg disappears early 
in the development of the ovule. This 
has invoked the following comment from 
Archibald: “ According to Ganong pollen 
tubes were found in the micropylar region 
of the nucellus of O. vulgaris. From his 
figures, these poilen tubes appear to be 
very similar to the elongated nucellar cap 
cells of O. aurantiaca.” Tiagi (1954b) 
also calls attention to the similarity be- 
tween the elongated cells of the nucellar 
epidermis and pollen tubes of O. dillenit. 
In our preparations of this species there 
was no difficulty in distinguishing pollen 
tubes from the cells of the nucellar 
epidermis. Field experiments at Delhi 
have also shown that seeds fail to develop 
if pollination is prevented. But it can- 
not be said for certain whether fertiliza- 
tion occurs or not and how far adventive 
embryony is dependent upon it. 


Summary 


The ovule of ©. dillenii is crassinucellate 
and bitegmic, and the micropyle is formed 
by the inner integument. The funiculus 
completely surrounds the ovule. A con- 
spicuous air space is present between the 
two integuments in the chalazal region of 
the ovule. The nucellar epidermis be- 
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comes multilayered except at the extreme 
tip where the cells undergo radial elonga- 
tion. Cases of branched funiculi and twin 
ovules have been observed. 

Usually there is a single hypodermal 
archesporial cell which cuts off a wall cell. 
The primary parietal cell divides only by 
an anticlinal wall. A nucellar cap is 
formed by the elongation of the epidermal 
cells which undergo periclinal divisions 
in later stages. 

The megaspore mother cell undergoes 
the usual meiotic divisions to form a row 
of three to four cells. The chalazal mega- 
spore is functional and produces a mono- 
sporic 8-nucleate embryo sac with normal 
organization. The antipodal cells are 
small and ephemeral; the polar nuclei 
large and conspicuous; and the synergids 
often show prominent hooks. 

Abundant endosperm nuclei are formed. 
Invariably the egg degenerates and ad- 
ventive embryos arise from the nucellar 
cells in the upper half of the embryo sac. 
In early stages of development the number 
of embryonic masses varies from 1 to 6, 
but usually only one embryo reaches 
maturity in each ovule. In some cases 
there were two embryos, but one was of a 
much smaller size. Embryos with 3 and 
5 cotyledons have also been observed. 
These appear to have originated by a 
fusion of various embryonic groups during 
the course of their development. 

Practically no endosperm is left in the 
mature seed, the chief storage region being 
the perisperm. The seed coat consists 
of two layers: the outer layer of the outer 
integument and the inner layer of the inner 
integument. The inner layers of the 
funiculus, which completely surrounds the 
seed, become fibrous at maturity and 
greatly add to the strength of the seed 
coat. From the outermost layer arise 
papillate outgrowths which later form a 
part of the fruit pulp. 
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research scheme on the ‘Chemical Stimula- 
tion of the Ovary and Ovule’, and to Pro- 
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A CONTRIBUTION TO THE MORPHOLOGY AND LIFE 
HISTORY OF ARISTOLOCHIA 


B. M. JOHRI & S. P. BHATNAGAR 
University of Delhi, Delhi, India 


Our information on the embryology of 
the Aristolochiaceae is very meagre. 
Schnarf (1931) has summarized the 
earlier work on Aristolochia and Asarum. 
Samuelsson (1914) pointed out that in 
Aristolochia clematitis reduction divisions 
of the pollen mother cells are successive, 
and according to Täckholm & Söder- 
berg ( 1918), simultaneous divisions occur 
in A. sipho. Leemann ( 1927 ) has studied 
the life history of Asarum europacum. 
Here also the mother cells undergo 
simultaneous divisions. The antipodals 
are stated to show haustorial activity. 

Jacobsson-Stiasny ( 1918) observed the 
Polygonum type of embryo sac in Aris- 
tolochia clematitis and Asarum europaeum. 
In the former multiple gametophytes are 
often formed in the same nucellus. 

The systematic position of the family 
Aristolochiaceae requires a fresh ap- 
praisal. Engler & Prantl ( 1889), Rendle 
(1925), and Hutchinson ( 1926 ) include 
it in the order Aristolochiales. Bessey 
(1915) considered it to be an advanced 
family and placed it in the order Myrtales. 
Wettstein (1935), on the other hand, keeps 
it under the Polycarpicae along with the 
Magnoliaceae and other primitive families. 


Material and Methods 


Aristolochia bracteata Retz., collected 
during August to October 1952 and 1953, 
was obtained through the courtesy of 
Mr. B. Tiagi (Ajmer). A. elegans Mast., 
A. ridicula N. E. Br., and A. roxburghiana 
Klotz. were collected from the Botanical 
Garden, Forest Research Institute, Dehra 
Dun. Some material of A. elegans was 
also collected from the Delhi University 
Botanical Garden. 

The material was fixed in formalin- 
acetic-alcohol. The hairy ovaries of A. 
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ridicula and mature seeds of A. bracteata 
were softened with 10 per cent hydro- 
fluoric acid (diluted with 70 per cent 
alcohol) for 8-10 days. 

The usual methods of dehydration and 
embedding were followed. Young buds 
and ovaries were cut at 6-8, older 
ovaries at 8-10, and the seeds at 15 u. 
Iron-haematoxylin as well as safranin 
and fast green combinations were tried. 
The former gave better results and a 
counter-stain with alcoholic fast green 
improved it further. Acetocarmine smears 
of pollen mother cells and pollen grains, 
whole mounts of endosperms and embryos, 
and hand sections of seeds proved very 
useful for comparison with microtome 
sections. 

The present investigation deals with 
the morphology and embryology of A. 
bracteata and A. elegans. Only the female 
gametophyte could be studied in A. 
ridicula and A. roxburghiana. 


Observations 


FLORAL MOoRPHOLOGY — The flowers 
are subtended by a large leafy bract. 
Chakravarty’s (1944) statement that in 
Aristolochia bracteata the bract is minute 
is not confirmed by our material. The 
flowers are long-pedicelled, monochlamy- 
deous, zygomorphic, epigynous and bi- 
sexual ( Figs. 1, 4, 5, 7-10). The petaloid 
tubular structure represents the only 
whorl of the perianth and it shows consi- 
derable variation in shape and size in 
different species. Prominent hairs are 
present on the inner side of the perianth 
tube (Figs. 1, 4, 5, 6, 8-10) (see also 
Hooker, 1885; Duthie, 1915; Bailey, 
1949 ). 

Six dithecous anthers are situated on 
the periphery of the gynostemium (Figs. 1, 
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Fics. 1-3 — Aristolochia bracteata 
ther; g, gynostemium; 0, ovary; ov, ovules; ph, 
hairs in perianth tube; s, stigmatic lobes). Fig. 1. 
Flower, partly exposed to show gynostemium 


(a, an- 


and ovules. x 4. Fig. 2. Gynostemium enlarg- 
ed. x 8. Fig. 3. A. elegans, dehisced fruit. X 3. 


2, 5, 8) which is formed by the fusion of 
the filaments, connectives, styles and 
stigmas. On the inner side of the ring 
of anthers the gynostemium is produced 
into 6 finger-like projections ( Figs. 1, 2, 
9) which are laterally studded with large, 
prominent, densely cytoplasmic 1-celled 
hairs ( Figs. 11, 12). According to Willis 
(1951) true stigmas are absent and the 
projections of the gynostemium are only 
extensions of the connectives which have 
taken up the stigmatic function. 

The ovary is inferior and 6-lobed. In 
young stages it bears numerous ovules 
on parietal placentae. Due to their fusion 
in older stages the ovules seem to arise 
from an axile placenta ( Figs. 1, 4, 5,7). 
The fruit is a 6-valved, septicidal capsule 
and on dehiscence it appears like a grace- 
ful hanging basket (Fig. 3). 

MICROSPOROGENESIS—The cross-section 
of a young bud shows bi-lobed anthers 
(Figs. 13, 14) which subsequently be- 
come 4-lobed (Fig. 8). In each lobe 
differentiates a hypodermal multi-celled 
archesporium ( Fig. 15), At the mother 
cell stage the anther wall comprises the 
epidermis, endothecium, 2-3 middle layers 
and the tapetum ( Fig. 16). 

As a rule the epidermal cells divide 
anticlinally to keep pace with the enlarg- 
ing pollen sac. In Aristolochia elegans 
some of the cells may also undergo 
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periclinal divisions and the outer daughter 
cell develops into a uniseriate 4-celled 
hair ( Figs. 17-20). Its terminal cell is 
densely cytoplasmic, elongated, thick- 
walled and sharply hooked at the apex 
(Fig. 21). Fig. 22 represents the out- 
line of an anther lobe with numerous 
epidermal hairs. These are absent in A. 
bracteata. 

The endothecial cells elongate radially, 
become vacuolated ( Fig. 40 ) and develop 
the usual fibrous thickenings! ( Figs. 41, 
42, 44-47). A feature of interest in A. 
bracteata is the occasional occurrence of 
a 2-layered endothecium resulting from 
periclinal division of some of its cells 
(Figs. 40, 41). Similar observations 
were made by Johri & Kak (1954) in 
Tamarix pentandra. 

The middle layers are persistent and 
degenerate only after the anther has 
reached maturity. In Fig. 41 (A. brac- 
teata) they have already flattened, but 
are still intact in Fig. 42 (A. elegans). 

At the beginning of meiosis the nuclei 
of the richly cytoplasmic tapetal cells 
divide mitotically giving rise to a bi- 
nucleate condition (Fig. 16). Some- 
times the divisions may be followed by 
a periclinal wall so that the tapetum 
becomes 2-layered at places ( Fig. 16). 
A similar behaviour is also known in 
Asarum europaeum ( Leemann, 1927) and 
Ehretia laevis ( Borraginaceae) ( Vasil, 
19559; 

The tapetum is of the secretory type. 
It disorganizes with the separation of the 
microspores and on its inner side appear 
globular oily depositions ( Figs. 44, 45) 
— the globules of ‘ Ubisch’ ( see Mahesh- 
wari, 1950). Probably they contribute 
to the formation of the exine. 

Each microsporangium of Aristolochia 
bracteata shows about 15 mother cells 
in longitudinal section and 4 in transverse 
section. In A. elegans the anthers are 
much larger and in each lobe there are 
nearly 50 cells in longitudinal section and 


1. Leemann (1927) has pointed out that in 
Asarum europaeum the epidermis is followed 
by 2-3 layers of flattened cells ( m,, m, and my, 
in his fig. 93) which do not show any mecha- 
nical thickening. Since the anther seems to be 
at the mother cell stage only, one would hardly 
expect the thickenings to appear so early. 


Fics. 4-12 — A. bracteata; (a, anther; 0, ovary; ov, ovule; ph, hairs in perianth tube; s, stig- 


matic lobe; sh, hairs on stigmatic lobe; vs, vascular supply). Fig. 4. L.s. flower. x 5. 
portion enlarged to show reproductive organs. X 22. 

Figs. 7-10. Cross-sections of flower at levels À, B, C and D respectively, marked in Fig. 4. 
Fig. 11. Stigmatic lobes showing position of hairs. x 8. 


x 384. 
29482 
X 384. 


6 in transverse section. Before the com- 
mencement of the reduction divisions, the 
cytoplasm of the mother cells recedes 
from the original wall and a special 
mucilaginous wall is secreted. 

In A. bracteata the individual pollen 
sacs usually show synchronous reduction 


Fig. 5. Lower 
Fig. 6. Uniseriate hairs from perianth tube, 


Fig. 12. Enlarged view of hairs. 


divisions but one may observe all stages 
of Meiosis I and II in different anthers 
of the same bud. In A. elegans the 
mother cells at the base of a loculus may 
be in resting condition or in prophase 
while those at the apex may show the 
telophase of Meiosis I. In other cases 


Fies. 13-22 — Fig. 16 of A. bracteata, re 
of young 
Jobe, marked E in 
a periclinal division. x 654. Fig. 16. Same, at mic 
Origin and development of hairs on the anther wall 


st of A. elegans (a, anther). Figs. 13, 14. Cross-section 
buds to show development of anther lobes. x 67. Fig. 15. Enlarged portion of anther 


Fig. 14, to show hypodermal archesporium; the peripheral cells have undergone 
rospore mother cell stage. x 654. Figs. 17-22. 
+. Pigs. 17-20,°21. x0654. High o> on: 


— 
d, region of dehiscence; 
. Figs. 23-30. Microspore mother cells, Meiosis I 
Different types of tetrads. x 826. Figs. 36-38. 


Fics. 23-47 — Figs. 23-25, 40, 41, 43 of A. bracteata, rest of A. elegans ( 
en, endothecium; mi, middle layer; {, tapetum ) 
and II. x 826. Figs. 31-35. 


Tetrads showing 
polyspory. x 826. Fig. 39. Microspores after the dissolution of the special and original wall of 
the mother cell. x 826. Figs. 40-42. Part of anther lobe to show structure of wall and pollen 
Sen successive stages of development. x 422. Fig. 43. Pollen grain at shedding stage. x 422. 
Figs. 44-47. 


Dehiscence mechanism of anther lobes. Figs. 44, 46, 47. x 66. Fig. 45. x 263. 
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Fics. 23-47 
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they may show all stages of division from 
Meiosis I to Meiosis II. 

The divisions are simultaneous in A. 
bracteata (Figs. 23-25), but successive 
in A. elegans (Figs. 26-28). In the 
former the spindles of Meiosis II lie 
parallel or at right angles to each other 
(Figs. 24, 25) resulting in isobilateral, 
tetrahedral and decussate tetrads. In 
A. elegans the spindles show other varia- 
tions in their orientation so that two 
additional types of tetrads are formed — 
linear and T-shaped ( Figs. 29-35). Cyto- 
kinesis has not been observed in A. 
bracteata, but most probably it occurs by 
furrowing. The special mucilaginous wall 
is consumed and the original wall of the 
mother cell breaks down liberating the 
microspores ( Fig. 39). 

From Samuelsson’s ( 1914) account of 
A. clematitis it appears that he observed 
only isobilateral, linear and T-shaped 
tetrads and the last condition was rather 
uncommon. In A. elegans linear tetrads 
are much more common than the other 
kinds of tetrads. Formation of several 
types of tetrads in the same genus is not 
a common feature but has been reported 
in Butomopsis ( Johri, 1936), Habenaria 
(Swamy, 1946), Ottelia (Islam, 1950), 
Lilaea ( Agrawal, 1952) and a few other 
plants (see Maheshwari, 1950). 

Many ‘ tetrads ’ showed 5-7 microspores 
instead of the usual 4 ( Figs. 36-38). 
The supernumerary microspores seem to 
arise by further division of 1 or 2 of 
the microspores. All the daughter cells 
in such ‘ tetrads * may not be of the same 
size ( Figs. 36, 37) and occasionally some 
of them may be enucleate ( Fig. 37 ). 

In Caesalpinia pulcherrima, Mukherjee 
(1952) observed ‘tetrads’ with 6-8 
spores and this abnormality was attri- 
buted to fluctuations in temperature or 
other environmental factors causing dis- 
turbances in normal meiotic behaviour. 
In Cuscuta reflexa ( Johri & Tiagi, 1952) 
some of the ‘ tetrads’ contained as many 
as 10-11 microspores. ‘ Tetrads’ with 
5-7 microspores have recently been re- 
ported in Solanum macranthum ( Prakash 
& Chatterjee, 1953), and Ehretia laevis 
( Vasil, 1955). Polyspory appears to be 
rather frequent in angiosperms (see 
Maheshwari, 1949, 1950) 
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MALE GAMETOPHYTE— The young pollen 
grain has a centrally placed nucleus and 
homogeneous cytoplasm. Subsequently a 
large vacuole pushes the nucleus towards 
the wall ( Fig. 40). On division it gives 
rise to a smaller generative cell and a 
larger vegetative cell ( Figs. 41, 42). The 
membrane between these cells breaks 
down and the generative cell moves up 
to the vegetative nucleus ( Fig. 43). The 
lighter staining cytoplasmic sheath of 
the former can be clearly made out. 
Occasionally the pollen grains of A. 
bracteata show an aggregation of dense 
cytoplasm above the vegetative nucleus. 
Leemann (1927, Fig. 114) reports that 
in Asarum europaeum the cytoplasm is 
vacuolated and contains granular bodies 
which he considers to be plastids. 

The pollen grains are spherical and non- 
aperturate ( Figs. 41-43 ), and at maturity 
they contain abundant starch. The exine 
is simple in A. bracteata ( Figs. 41, 43) 
and sculptured in A. elegans ( Fig. 42). 

When the 2-celled pollen grains are 
ready for shedding, the partitions be- 
tween the pollen sacs show signs of dis- 
integration ( Fig. 44). Eventually they 
break down and the locules become con- 
fluent ( Fig. 46). At the junction of the 
locules the epidermis is narrow and the 
endothecial cells lack fibrous thickenings 
( Figs. 44-46). The anther wall dehisces 
in this region and curls outwards and 
backwards releasing the pollen grains 
(Big. 472). 

Whole mounts of pollen grains from the 
anthers of A. elegans showed some germi- 
nation in situ. The generative cell had not 
divided in any of the pollen tubes which 
showed a maximum length of 792 u. 

The pollen of A. elegans was germinated 
in a sucrose (20 per cent)-agar (2 per cent) 
medium. Approximately 70 per cent of 
the grains germinated and started giving 
out pollen tubes after 15-20 minutes. 
The tubes reached a maximum length of 
2,268 u, the average length being 955 u. 
In some cases the tubes had bifurcated. 

OvuLE — The ovules are bitegmic and 
crassinucellate. In the beginning they 
are erect (Fig. 48) but soon begin to 
curve (Fig. 49) and become anatropous 
even before the reduction divisions are 
over (Fig. 50). There is no further 
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curvature during subsequent develop- 
ment ( Figs. 51-53 ). 

The inner integument appears first and 
is soon followed by the outer which 
remains suppressed on the funicular side 
(Fig. 49). At the megaspore mother 
cell stage both the integuments reach 
practically the same height but sub- 
sequently the inner grows more quickly 
(Figs. 50, 51). The outer integument 
is 2-layered while the inner is 3-layered 
except at the apex where it swells, be- 
comes 4-5 cells broad, and forms a narrow 
micropyle ( Figs. 52, 53 ). 

In A. bracteata one ovule showed twin 
nucelli with common integuments ( Fig. 
54). 

The primary parietal cell undergoes 
repeated anticlinal and periclinal divi- 
sions and forms the bulk of the parietal 
tissue (Figs. 57-59, 61-66). An occa- 
sional cell of the nucellar epidermis may 
also undergo a periclinal division ( Figs. 59, 
61). As the embryo sac enlarges, the 
nucellus is gradually crushed and con- 
sumed. 

The hypostase can be distinguished at 
the base of the embryo sac as a pad of 
richly cytoplasmic cells. During post- 
fertilization development it becomes thick- 
walled, gets filled with some deeply 
staining material, and can be identified 
even in the mature seed ( Fig. 90). 

The funiculus undergoes conspicuous 
swelling. It is only 4-5 cells broad at 
the megaspore mother cell stage, but be- 
comes twice this thickness at the tetrad 
stage and continues to broaden until it 
is about 20 cells thick at the time of 
fertilization and 23 cells thick in the 
seed. The funicular vascular supply is 
fairly broad and stops at the chalaza 
( Figs. 51-53 ). 

MEGASPOROGENESIS — The hypodermal 
archesporial cell ( Fig. 55) cuts off the 
primary parietal cell and the megaspore 
mother cell ( Fig. 56). Occasionally there 
may be two mother cells lying one above 
the other ( Fig. 58) and sometimes these 
may be separated by a layer of sterile 
cells (Fig. 59). In Fig. 60 the row of 
three cells probably represents sporo- 
genous cells. 

The megaspore mother cell undergoes 
the usual reduction divisions and forms 
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a dyad followed by a linear tet? ad in A. 
bracteata, A. elegans and A. ridicula 
( Figs. 61, 63,65). In the first two species 
the spindles of the upper and lower dyad 
cells may sometimes lie at right angles 
to each other (Fig. 62) resulting in a 
T-shaped tetrad. Linear and T-shaped 
tetrads have also been reported in A. 
clematitis ( Jacobsson-Stiasny, 1918). 

In one case, in A. bracteata, a tetrad 
showed 2 megaspores at either end while 
the middle cells were situated side by 
side. It appears that no cell plate was 
laid down after Meiosis I. During Meiosis 
II the spindles were so situated that 3 
cells were formed, the central one con- 
taining 2 nuclei. These were subsequent- 
ly separated by a wall resulting in a 
tetrad shown in Fig. 64. Such a be- 
haviour has also been reported in Tri- 
dax trilobata ( Hjelmqvist, 1951). Sulbha 
(1954, Fig. 27) interprets one of the 
tetrads of Iphigenia indica to have 
formed in a similar way. 

FEMALE GAMETOPHYTE — Usually the 
chalazal megaspore functions ( Figs. 65, 
66). The remains of the upper three 
megaspores persist until the formation 
of the 2-nucleate embryo sac. In Fig. 66 
(A. elegans) the vacuolated cell lying 
just below the functioning megaspore is 
a non-functional sporogenous cell. 

The functioning megaspore enlarges 
and its nucleus undergoes three successive 
divisions leading to the formation of the 
2-, 4- and 8-nucleate embryo sacs (Figs. 67- 
70). The development conforms to the 
Polygonum type and has been observed 
in A. bracteata, A. elegans, A. ridicula and 
A. roxburghiana. 

The organized gametophyte shows the 
3-celled egg apparatus, 2 polar nuclei 
and 3 antipodal cells. In A. bracteata 
the egg simulates the synergids and its 
nucleus is situated in the upper part 
(Fig. 71). The 2 polar nuclei may lie 
adjacent to the wall or occupy a central 
position (Figs. 71, 72). The antipodal 
cells degenerate after fertilization. 

The Polygonum type of development is 
also known in A. clematitis and Asarum 
europaeum ( Jacobsson-Stiasny, 1918). In 
the first species when the megaspores of 
the tetrad were irregularly disposed, more 
than one showed a tendency to grow 
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Fics. 48-54 — A. bracteata (f, funiculus; ii, inner integument; oi, outer integument; ?n, twin 


nucelli). Figs. 48-53. Development and curvature of ovule. x 134. Fig. 54. T.s. ovule with 
twin nucelli and common integuments. x 106. 


Fics. 55-72—Figs. 56, 66 of A. elegans, Fig.70 of A. roxburghiana, Fig.72 of A. ridicula, rest of 
A. bracteata. Fig.55. L.s. nucellus showing hypodermal archesporial cell. x 429. Fig. 56. Primary 


parietal cell and megaspore mother cell. x 429. Fig. 57. Same, advanced stage. x 429. Figs. 58-59. 
Two megaspore mother cells. x 429. Fig. 60. One megaspore mother cell, and three other cells 
lying in a row; explanation in text. x 429. Figs. 61-65. Meiosis I and [ices 429. 2395.50: 
Functioning megaspore and an additional sporogenous cell. > 429. Figs. 67-72. Stages in de- 
velopment of the embryo sac. x 429. 


further and often 2-3 developed simul- The antipodal cells degenerated early. 
taneously. The synergids simulated the In Asarum europaeum the same author 
egg while the egg looked like a synergid. observed 2 embryo sacs lying one above 
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the other. In this plant the anti- 
podals are large and conspicuous and 
Leemann (1927) reported an antipodal 
haustorium. 

PoLLINATION—Insect pollination seems 
to be the rule in Aristolochia and :the 
flower is well adapted to entrap insects?. 
The narrow perianth tube, above the 
basal swollen portion, is lined internally 
with uniseriate, richly cytoplasmic, 
4- to 5-celled hairs pointing downwards 
and inwards ( Figs. 1, 4-6, 8). These hairs 
facilitate the entry of insects, but prevent 
their exit. As the anthers dehisce, the 
pollen falls on the floor of the chamber 
formed by the inflation of the perianth. 
When the insects try to escape, the pollen 
sticks to their bodies. At this time the 
hairs lose their turgidity and collapse and 
the insects, whose bodies are covered with 
pollen, are able to move out and visit 
other flowers. It is likely that the 
glandular hairs as well as the pollen 
provide nourishment to the insects. 

According to Kerner & Oliver (1895), 
the flowers of Aristolochia are proto- 
gynous. Contrary to this, Venugopalan 
(1949) reports that the flowers of A. 
indica and A. bracteata are protandrous. 
The following table gives the respective 
stages of development of the ovule and 
anther in a flower of A. bracteata: 


OVULE ANTHER 
1. Archesporium 1. Microspore mother 
cells 
2. Megaspore mother 2. Uninucleate pollen 
cell grains 
3. Megaspore tetrad 3. Uninucleate pollen 
grains 
4. Two-nucleate em- 4. Uni, sometimes bi- 
bryo sac nucleate pollen 
grains 
5. Four-nucleate em- 5. Binucleate pollen 


bryo sac grains 
6. Mature embryo sac 6. Anthers dehisce 


So — — —— 


It is clear from the above that the 
pollen grains take the lead up to the 
2-nucleate embryo sac stage, but sub- 
sequently the latter develops more rapidly 


_ 2. Kerner & Oliver (1895) state that 
msects belonging to the genera Ceratopogon and 


Chironomous bring about pollination in A. 
clematitis. 
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and the male as well as female gameto- 
phytes both mature at about the same 
time. The flowers of A. bracteata are, 
therefore, neither protogynous nor pro- 
tandrous. 

In A. elegans, after pollination, the 
perianth tube falls off with the gyno- 
stemium leaving the ovary intact on the 
plant. For 1 or 2 days the ovary remains 
quite healthy, but subsequently it shrivels, 
turns black and drops off. This was the 
usual behaviour in the months of Septem- 
ber, October, late December and January. 
In January even the buds shrivel and 
drop off without opening and consequent- 
ly no fruits were formed. However, in 
November and early December fruit set- 
ting was profuse. 

The failure to set fruit did not seem to 
be due to lack of pollination since the 
stigmas invariably showed pollen grains 
and pollen tubes. It appears that the 
shedding of the gynostemium along with 
the perianth prevented fertilization. 

EMBRYO — The zygote divides trans- 
versely resulting in a 2-celled proembryo 
( Fig. 73). Both the cells may undergo 
another transverse division, and in Fig. 74 
the daughter cells of the basal cell have 
once again divided transversely. Occa- 
sionally the division of the basal cell may 
be delayed (Figs. 75, 76). Figs. 74-80 
show some stages in the development of 
the embryo. 

In 2 cases twin embryos were observed 
in A. bracteata (Figs. 81, 82). The 
smaller proembryo, marked e, in Fig. 82, 
lacks a suspensor and probably it got 
detached from the embryo sac wall at an 
early stage. 

Of the twin embryos, one is zygotic 
while the other may have originated from 
one of the synergids. Such a presumption 
seems to be justified in view of the condi- 
tion in Fig. 73 in which an enlarged — 
synergid is lying adjacent to the 2-celled 
proembryo. Synergid polyembryony is 
already known in a number of angio- 
sperms (see Maheshwari, 1950; Lebégue, 
1952). 

ENDOSPERM — Due to inadequate mate- 
rial our preparations did not show any 
stages of fertilization, but it is presumed 
that it occurs normally. In young stages 
the cells of the endosperm are all arranged 


73-82 — Development of embryo in 
A. bracteata ( e, embryo; s, suspensor; sy, syner- 


Fics. 


gid). Figs. 73-81. From dissected whole mounts. 
Figs. 73-77, 81, 82. x 420. Figs. 78-80. x 41. 


in a row indicating that the first few 
divisions are transverse. This is also 
true of Asarum europaeum ( Jacobsson- 
Stiasny, 1918). 

The endosperm develops much more 
rapidly than the embryo ( Figs. 83, 84, 
86-90). It is plate-like, 8-10 cells thick, 
narrow at either end and broad in the 
middle (Figs. 83, 84, 86), and has an 
irregular surface. The marginal and basal 
cells are richly cytoplasmic and have 
prominent nuclei, some of which are 
multinucleolate (Fig. 85). 

SEED — In the beginning the endosperm 
cells are thin-walled, but as the seed 
approaches maturity, the walls become 
prominently thickened due to the de- 
position of hemicellulose ( Figs. 93, 94). 
Gradually, starch and oil accumulate and 
occupy all the available space in the cells 
(Fig. 94). Due to pressure of the cell 
contents the nuclear membranes become 
deformed and the disorganized nuclei 
look like ‘ amorphous lumps ’( see Mahe- 
shwari, 1950 ). 

The embryo grows at the expense of 
the endosperm cells which show a famished 
appearance in its vicinity. In a trans- 
verse section of the mature seed about 
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4 healthy layers of endosperm tissue 
persist around the radicular end of the 
embryo but only 2 layers in the coty- 
ledonary region. However, the major 
part of the seed, below the embryo, is 
occupied by the endosperm (Figs. 87- 
90). At maturity the suspensor cells 
contain starch whereas the embryonal 
cells store oil. 

Due to excessive enlargement of the 
embryo sac, much of the nucellus is 
crushed and only 2 layers remain re- 
cognizable when the endosperm is at the 
8- to 10-celled stage. Gradually, these 
layers are also consumed ( Figs. 92-94 ) 
and only one persists at the heart-shaped 
stage of the embryo. By the time the 
cotyledons have differentiated, this is also 
absorbed. In the mature seed there is 
just a thin streak representing the remains 
of the nucellus ( Fig. 94). 

Both the integuments take part in the 
formation of the seed coat ( Figs. 92-94). 
The inner epidermis of the inner integu- 
ment shows fibrous thickenings ( Fig. 94 ). 
The middle layer and the outer epi- 
dermis develop into sclerenchymatous 
fibres placed at right angles to each 
other (Fig. 94) (se also Netolitzky, 
1926 ). 

The inner epidermis of the outer integu- 
ment shows thickenings, first on the 
tangential and then on the radial walls 
and crystals appear inside the cells 
( Fig. 94). The outer epidermis under- 
goes radial elongation and an occasional 
periclinal division so that here and there 
it becomes 2-layered. Reticulate thick- 
enings appear in this layer even before 
the proembryo has reached the globular 
stage and become more pronounced in 
the mature seed ( Fig. 94). Thus all the 
5 layers comprising the 2 integuments, 
2 of the outer and 3 of the inner, con- 
tribute to the formation of the hard 
testa. 

The seed is triangular in shape and has 
a cordate base. It is light yellow when 
young, but later turns black. Due to 
unequal divisions and growth of the 
epidermis the testa has an irregular 
surface ( Figs. 90,91). The funiculus also 
grows concurrently with the seed and its 
cells become reticulately thickened ( Fig. 


95 ). 
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Fics. 83-91 — A. bracteata (e, embryo; eh, hypocotyledonary region of embryo; end, endo- 


sperm; f, funiculus; h, hypostase; ii, inner integument; oi, outer integument). 


Dissected whole mounts of endosperm with embryo. x 9. 
Figs. 88, 89. Endosperm and embryo from sections 


part of endosperm shown in Fig. 84. x 494. 


cut at right angles to the flat surface of the seed. x 28. 
seed in the hypocotyledonary region of the embryo. x 28. 


grammatic. 
Summary and Conclusion 


The anther wall comprises the epi- 
dermis, fibrous endothecium, 2-3 middle 
layers and a secretory tapetum. In A. 
bracteata, due to periclinal divisions in 


Figs. 83, 84, 86, 87. 
Fig. 85. Enlarged portion of basal 


igs 90 SUS SCC NOR ire CLIS 
Figs. 88-91. From hand sections, dia- 


some cells, the endothecium and the 
tapetum become 2-layered at places. 
The reduction divisions are simul- 
taneous in A. bracteata and successive in 
A. elegans. Five types of tetrads — 
linear, T-shaped, isobilateral, tetrahedral 


Fics. 92-95 — A. bracteata (end, endosperm; ti, inner integument; nu, nucellus; #7, nucellar 
Fig. 95. Cells of 


remains; oi, outer integument ). 


and decussate — occur in A. elegans and 
only the last three types in A. bracteata. 
Occasionally tetrads with 5-7 microspores 
have been observed. 

The pollen grains are non-aperturate 
and are shed at the 2-celled stage. 


Figs. 92-94. Development of seed coat. x 612. 
funiculus showing reticulate thickenings. x 612. 


The pollen grains and the embryo sac 
mature at about the same time and the 
flowers are neither protandrous nor proto- 


gynous. 
The ovules are anatropous, biteg- 
mic and crassinucellate. The funiculus 
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becomes thick and fleshy and covers the 
seed on one side. One ovule showed 
twin nucelli with common inner and 
outer integuments. 

As a rule only a single hypodermal 
archesporial cell differentiates in -the 
young nucellus. In a few cases 2 mega- 
spore mother cells were observed. Tetrads 
may be linear or T-shaped. The chalazal 
megaspore is functional and the embryo 
sac is of the Polygonum type. 

The endosperm is of the Cellular type 
and as compared to the embryo it grows 
much more rapidly. In a mature seed 


the endosperm is massive and plate-like. 


while the embryo remains very small. 
The endosperm as well as the embryo 
stores considerable quantities of oil. Two 
cases of polyembryony were observed, 
the additional embryo probably developed 
from one of the synergids. 

The seed coat is derived from both 
the integuments and consists of 5 layers. 
The cells of the broadened funiculus as 
well as the outer layer of the outer 
integument develop reticulate thicken- 
ings. The outer and the middle layers 
of the inner integument become trans- 
formed into fibres. The innermost layer 
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of both the integuments also gets thick- 
ened. 

Concerning the systematic position of 
the family Aristolochiaceae, Wettstein 
(1935) considers it to be related to the 
Anonaceae while Hutchinson (1948) de- 
rives it from the herbaceous members of 
the Berberidaceae. From the embryo- 
logical standpoint (for literature see 
Schnarf, 1931) Wettstein’s views appear 
to be more acceptable. In the Berberi- 
daceae the divisions of the microspore 
mother cells are simultaneous, but in the 
Anonaceae and Aristolochiaceae they may 
be successive or simultaneous. In the 
Berberidaceae the pollen grains have 3 
germ pores, whereas in the other 2 families 
they are non-aperturate or 1-sulcoidate 
(Erdtman, 1952). The endosperm is 
Nuclear in the Berberidaceae, but Cellular 
in the Anonaceae and Aristolochiaceae. 
Further, in both Anonaceae and Aris- 
tolochiaceae the first few divisions of the 
endosperm are transverse. 

Further work is necessary before the 
position of the Aristolochiaceae can be 
more precisely determined. 

Grateful thanks are due to Professor 
P. Maheshwari for revising the manuscript. 
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ON THE OCCURRENCE OF BULBOCHAETE MACRANDRIA 
EENMINSIN DIA 


ELLA A. GONZALVES & G. R. SONNAD 
Institute of Science, Bombay 


Until recently, dioecious macrandrous 
species of Bulbochaete were quite unknown. 
The non-occurrence of such species of 
Bulbochaete was rather puzzling, especially 
in view of its evolutionary significance 
and also in view of the common occurrence 
of dioecious macrandrous species in Oedo- 
gonium. In 1949, Shang-Hao-Ley des- 
cribed a dioecious macrandrous species 
which he named Bulbochaete macrandria. 
This is the first and only record of a 
dioecious macrandrous Bulbochaete. In 
September 1952, however, during the 
course of a systematic survey of the 
Oedogoniales of the Karnatak, the authors 
found a dioecious macrandrous species of 
Bulbochaete in two places, viz. a tank 
near Bistenhatti and in stretches of rain 
water along the railway lines, about a 
mile from Alnavar, both stations on the 


Poona-Bangalore railway line, in Bombay 
State. 

The Indian species agrees very closely 
with the Chinese one, except in a few 
minor points. The Indian alga is slightly 
larger, the dimensions of vegetative cells, 
oogonia, oospores and antheridia all being 
slightly more than those of the Chinese 
species. The cells here, are as long as 
broad or slightly longer than broad and 
hence appear almost square or even 
rectangular, whereas in the Chinese 
species, the cells are as long as broad 
or shorter than broad. In both species, 
the lateral walls are often slightly con- 
vex. The basal cell in the Indian alga is 
slender and fairly long. In the Chinese 
species, it only reaches a length of 21 p, 
whereas here it reaches a length of nearly 
29 u. 


Fics. 1-8 — Fig. 1A. Female plant. B. 
Male plant. x 180. Fig. 2. Female plants with 
mature oospores. x 180. Figs. 3, 7. Opening 
of the oogonium by a pore. x 180. Fig. 4. 
Antheridial filament forming two antherozoids in 


each antheridium. X 180. Fig. 5. Same as 
Fig. 4. x 420. Fig. 6. Details of oospore struc- 
ture. X 420. Fig. 8. Germlings. x 180. 


Ley (1949) mentions that Bulbochaete 
macrandria differs from the other known 
species of Bulbochaete in three important 
respects: (1) it is dioecious macrandrous, 
(2) the spores are ellipsoid and densely 
scrobiculate, and (3) the suffultory cells 
are without division. This species also 
shows the same peculiarities. It must, 
however, be mentioned that ellipsoidal 
oogonia with a scrobiculate wall are found 
in Bulbochaete bharadwajai Singh (Singh, 
1939). The latter, however, is a dioecious 
nannandrous form and is idioandrosporous. 

As the points of difference between the 
Indian species and the Chinese one are 
of a minor order, the Indian alga has been 
referred to the Chinese species. This is 
the second record of this rare alga and its 
occurrence in India is, therefore, of parti- 
cular interest. It would also be inte- 
resting to know if this alga occurs in 
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other parts of India and if so, whether 
there are any other dioecious macrandrous 
species. A short description and a few 
illustrations of the Indian alga are given 
below. 

Form dioecious macrandrous, male and 
female filaments and cells of approximate- 
ly the same size and shape. Vegetative 
cells with slightly convex walls. Oogonia 
occurring laterally as well as terminally, 
usually below one or two setae, oval to 
oval-ellipsoidal in shape, opening by a 


F1Gs. 9-12 — Fig. 9. Male and female plants 


growing side by side. x 130. Fig. 10. Oospore 
with scrobiculate markings on the wall. x 1300. 
Fig. 11. Male plant. x 260. Fig. 12. Female 
plant. x 260. 


1955] GONZALVES & SONNAD — OCCURRENCE OF BULBOCHAETE MACRANDIA 


superior pore. Oospore of the same shape 
as the oogonium and filling it completely, 
though sometimes not filling it longi- 
tudinally. Outer oospore wall scrobi- 
culate; pits arranged in longitudinal rows, 
10-13 in surface view. Suffultory cell 
not divided. Antheridia below a terminal 
seta, 1-3 seriate. Antherozoids two, form- 
ed by a horizontal division. 

Vegetative cells 14-4-24 u long, 14-4- 
21:6 u broad; oogonia 34-5-40 u long 
24:5-28 broad; oospores 30-38 u long 
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21-26 y broad; antheridia 7-10 , long, 
6-9 u broad, basal cells 20-28-8 a long, 
13-16 x broad. 

Habitat: Epiphytic on other algae in 
a tank at Bistenhatti, as also in stretches 
of rain water along the railway lines, 
about a mile from Alnavar. 

The authors are grateful to Dr. M. O. P. 
Iyengar, Madras, for his helpful sugges- 
tions during the preparation of this paper 
and to Prof. N. B. Inamdar, Bombay, 
for assisting in taking the photographs. 
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THE FORMATION OF BUDS ON THE ROOTS OF 
CHAMAENERION ANGUSTIFOLIUM (L.) SCOP. 


Ave. EMERY 


University of Manchester, England 


Introduction 


The aim of this investigation was to 
consider the processes involved in the 
formation of buds on the roots of Chamae- 
nerion angustifolium (L.) Scop., and to 
study some of the factors which may 
affect the initiation and development of 
these buds. 

Much work has been done in the past 
on the factors affecting regeneration in 
root-cuttings, but only a few investigators 
have made a detailed study of the forma- 
tion of the regenerates: Wardlaw ( 1953a ) 
studied Ophioglossum vulgatum, Naylor 


(1941) dealt with Taraxacum, Lindner 
(1938) horse-radish, Siegler & Bowman 
(1939) one year old apple roots, and 
Priestley & Swingle (1929) Crambe 
maritima. 

Wittrock & Walming ( 1884) classified 
root buds as being ‘reparative’ when 
they occur only on injured roots, “ addi- 
tional’ when they take part in the 
vegetative reproduction of the plant and 
‘necessary’ when they are a feature of 
the normal morphological development. 
According to these workers, in Chamae- 
nerion the root buds can be necessary 
as well as additional, for sometimes the 
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primary shoot dies down without having 
flowered, root buds being, therefore, neces- 
sary for the continued existence of the 
plant. The presence of buds on the roots 
of Chamaenerion has also been recorded 
by Beijerinck (1886), Priestley» & 
Swingle (1929), and Holm (1925). 
Beijerinck found root buds in this plant, 
on primary, secondary and lateral roots 
and that the most frequent position was 
in the axil (‘ unterachsel’) of a lateral 
root. According to Priestley & Swingle 
(1929), bud meristems on the roots of 
C. angustifolium originate just within the 
periderm, but no detailed account was 
given. 


Material and Methods 


Roots, several feet in length, were 
kept moist and stored in a cold room, 
and cut up immediately before being 
used. For convenience, the segments of 
root used during this investigation have 
been referred to as cuttings. These cut- 
tings were grown in glass dishes on filter 
paper, kept moist, in some cases with 
distilled water, and in others with Knop’s 
solution of half-strength ( Gautheret, 
1942). The growth of buds and roots 
was not markedly affected when distilled 
water was used instead of Knop’s solu- 
tion. The cuttings were grown in a 
culture room with a temperature of 21°+ 
1°C., and fluorescent lighting, which gave 
a light intensity of about 100 foot- 
candles at the level of the glass dishes. 


Morphological Aspect of Root 
Bud Formation 


Buds occur on secondarily thickened 
roots in their first and subsequent years 
of growth and on roots from 1-5 mm. 
to a centimetre or more in diameter. 
Pieces of root nine years old have been 
found capable of producing buds when 
brought into the laboratory. 

On the surface of the roots of Chamae- 
nerion are small pit-like depressions. 
The depressions mark the position of root 
traces on roots in their first year of growth, 
but in older roots they result from the 
disorganization of young buds and lateral 
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roots. After several days growth, it 
was found that buds and lateral roots 
originated within the proximity of these 
depressions. Microtome sections revealed 
that both buds and lateral roots were 
endogenous and originated from the 
external phellogen and its immediate 
derivates ( Fig. 1). 

Buds and lateral roots also developed 
from just below the distal cut surface of 
decapitated buds. The first indication of 
the formation of a bud meristem was 
seen in a group of deeply stained cells 
just below the surface. At this stage, 
only a few cell layers were involved 
(Fig. 2a); but gradually the tendency 
to become meristematic extended inwards. 
As the meristem increased in size a tunica 
and corpus became distinguishable and 
ultimately the adjacent cells above rup- 
tured, disintegrated, and the meristem 
became freely exposed on the surface 
(Fig. 2b). Leaf primordia formed later, 
and prevascular strands differentiated 
downwards to the cambium of the de- 
capitated bud (Fig. 2c). 

These buds are, therefore, endogenous 
in origin as are the roots which very 
occasionally develop from the surface of 
decapitated buds. This contrasts with 
the origin of the shoot buds which is 
exogenous in Chamaenerion. 


Fic. 1—A root bud of Chamaenerion angus- 
tifolium (L.) Scop., in the proximity of a root 
trace (at X but not entirely in the plane of the 


section). The bud has ruptured the outer tissues 
of the periderm. x 65. 


FREENET 


Fig. 2 — Stages in bud formation at the distal cut surfaces of decapitated buds: a, 
lucida drawing of initial activity involving cells just below the cut surface. 
cells above the meristem have ruptured. x 200; and c, later stage in bud formation. 


Physiological Aspect of Root 
Bud Formation 


Cuttings exhibited a marked polarity 
in root, shoot and callus formation. 
After three or four weeks growth, shoots 
occurred at the proximai (plant) end, 
and roots at the distal end of cuttings. 
The most distal roots frequently bore 
many branch roots. A mound of callus 
tissue also formed at the distal, but not 
the proximal, cut surface of a root-cutting. 
There has been general agreement in 
the more recent literature ( Bloch, 1943) 
that polarity in root-cuttings results in a 
flow of auxins in a shoot-root direction 
such that there is an accumulation at the 
distal end and a corresponding fall in 
concentration of these substances at the 
proximalend. It is believed that the lower 
concentration favours shoot formation 
whilst the higher concentration favours 
root but inhibits shoot formation, 
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Indirect evidence of auxin accumula- 
tion at the distal cut surface of cuttings 
was shown in the formation of callus 
tissue at this end, for it has been suggested 
that high concentrations of auxin induce 
callus formation, though possibly wound 
hormones are also involved ( Pincus & 
Thimann, 1948 ). 

To determine whether auxins have any 
effect on shoot and root formation, 
cuttings of Chamaenerion were grown in 
petri dishes, on filter paper moistened 
with indole-3-acetic acid. Apart from 
those cuttings grown in concentrations 
greater than 10-4 I.A.A. which rotted, as 
the concentration of I.A.A. increased, 
so the proportion of buds to roots de- 
creased: more roots and fewer buds being 
formed at the higher concentrations. In 
concentrations of I.A.A. greater than 10-7 
callus tissue formed not only at the distal 
ends but also at the proximal ends of 
cuttings. Treated cuttings showed no 
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polarity in root formation and at higher 
concentrations the number of branch 
roots per root was considerably greater 
than in untreated cuttings (in water 0-4, 
in 10-5 I.A.A. 2-8 branch roots per root). 

When buds were removed from root- 
cuttings of Chamaenerion for as long as 
two to three months, there was no marked 
effect on root formation as compared 
with control cuttings where the buds had 
not been removed though possibly bud 
removal for a longer period may have 
some effect as shown by Gautheret ( 1945 ) 
in cuttings of endive. 

Polarity in root and shoot formation 
was not evident at first, but developed 
gradually (Fig. 3). At the beginning, 
buds and roots arose along the whole 
length of cuttings, but gradually only at 
the proximal end did the number of 
buds increase and only at the distal end 
did the number of roots increase. 

Similar observations have been made 
on horse-radish (Lindner, 1940), Agro- 
byron and Lathyrus (Schwanitz, 1936). 
That polarity develops gradually in root- 
cuttings of Chamaenerion, when placed in 
conditions favourable for regeneration, 
was shown in another experiment. A 
number of cuttings 12 cm. long were 
divided into 3 groups of 5. The cuttings 
of the first group were cut up into 4 cm. 
segments immediately, the second group 
after 5 days and the third group after 
10 days. The cuttings were then left to 
grow for 22 days, after which the number 
of buds on the various segments was re- 
corded. The results are shown in Fig. 4. 

The results of several experiments 
showed that the length rather than the 
diameter of a root-cutting determines 
the number of buds produced. Plant 
(1940) has suggested that the longer a 
root-cutting, the more probable is the 
formation of root initials at the distal 
end, since the amount of auxins accu- 
mulating distally may be expected to be 
proportional to the length of the cutting. 
In Chamaenerion this is true to some 
extent, though there is no strict pro- 
portionality between either the length 
or the diameter of a cutting and the 
number of roots formed ( Table 1). 

Some evidence was obtained which 
indicated that the regenerating capacity 
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of root-cuttings of Chamaenerion may 
depend upon the season in which the 
cuttings are taken. The number of buds 
per cutting was greater in autumn (after 
the flowering period) than during the 
remainder of the year. That the re- 
generating capacity of root-cuttings is 
often greater in seasons other than the 
flowering seasons has also been noted in 
horse-radish ( Dore, 1953) and raspberry 
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Fic. 3— The combined results of nine 4 
cm. cuttings illustrating the rate of increase in 
number of buds (a) and number of roots (b), in 
four regions: 1 (proximal ) 
3- - - - , 4 (distal ) 
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1 2. 3. 
REGION OF CUTTING, 


Fic. 4— The total number of buds formed 
on various segments of 12 cm. cuttings, divided 
into these segments after 0, 5 and 10 days (1, 
proximal; 2, central; 3, distal ). 


(Hudson, 1954). The suggestion has 
been made ( Audus, 1953) that in certain 
plants the initiation and development of 
flowers is affected by auxins. Therefore, 
the relationship between flowering and 
the regenerating capacity of roots is 
perhaps due to their both being influenced 
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by the overall auxin content of the plant. 
Further studies are being made along 
these lines with Chamaenerion. 


Discussion 


Previous investigations have shown 
that shoot buds are usually exogenous, 
though instances of endogenous buds 
have also been recorded. The work of 
Beijerinck (1886), Priestley & Swingle 
(1929), Lindner (1938) and Naylor 
(1941) indicate that root buds are 
normally endogenous. Endogenous buds 
and lateral roots have also been found to 
originate on roots of Chamaenerion. These 
observations raise questions as to the 
factors involved in the inception of a 
meristem and in determining whether the 
meristem will become that of a root or a 
shoot. 

The suggestion has been made by 
Priestley & Swingle that the frequency 
with which buds and roots arise in the 
region of lateral roots, may be due to a 
leakage of ‘ sap’ from the stelar region 
to the surface of the parent root caused 
by the emergence of a lateral root. The 
present investigation has shown that 
root buds of Chamaenerion also originate 
in the region of lateral root traces, but in 
roots more than one year old ‘sap’ 
could not leak from the pre-existent root 
traces because they become cut off from 
the living tissues of the parent root by 
the lateral and interxylary periderms 


TABLE I — THE MEAN NUMBER OF BUDS, ROOTS AND BUDS PER ROOT TRACE 
ON CUTTINGS OF DIFFERENT SIZES 


LENGTH DIAMETER VOLUME No. OF MEAN No. Mean No. MEAN No. 
( mm.) ( mm.) (mm) CUTTINGS OF BUDS OF ROOTS OF BUDS 
PER ROOT 
TRACE 
1-5 4 27. 0-4 0’00 1-0 
2:5 5.5 59 15 1-0 0-20 1-0 
15 9 20 0-9 0:50 0:7 
5-0 3-0 35 27 1:0 0:10 1-4 
5:5 119 25 1-1 0:20 1:1 
1:5 18 13 1:5 ee ie 
10-0 3-0 71 1:9 0-10 2 
5-5 237 3-2 0:10 1-5 
1:5 35 12 2-5 0:60 1:0 
‘ 3-0 141 14 2:8 1:30 0-9 
+ 4-0 251 2:5 1:20 0-9 
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becoming confluent, and new lateral roots 
frequently form some time after the buds 
have arisen and in such cases a response 
to a leakage of ‘sap’ seems impossible. 

Many investigators have attempted to 
ascertain why a particular meristem 
becomes that of a shoot instead of a root. 
Tincker (1937) found that in several 
stem cuttings shoots arose externally and 
roots internally and concluded that a 
shoot meristem differs from a root meri- 
stem in that the form of the latter is 
governed by the pressure of the sur- 
rounding tissues. According to Priest- 
ley & Swingle (1929), fH perhaps 
determines whether a meristem becomes 
organized as a stem apex or a root apex. 
When shoots and roots originate from 
similar tissues, as they do in Chamaenerion, 
the suggestion that because of differences 
in pressure or pH of the surrounding 
tissues, a particular meristem becomes a 
meristem of a root instead of a shoot, 
does not seem justified. 

Several recent investigators have stated 
that the formation of roots and buds on 
root-cuttings is at least partly determined 
by local concentrations of auxins (Warmke 
& Warmke, 1950; Stoughton & Plant, 
1938; Plant, 1940, 1941; Lindner, 1938, 
1940; Gautheret, 1945). It has been 
found that indole-3-acetic acid stimulates 


root formation and inhibits bud forma- 


tion in root-cuttings of Chamaenerion. 
Indoleacetic acid and naphthylacetic acid 
have been said to have a direct effect on 
the organization of a meristem in root- 
cuttings of horse-radish so that at relatively 
high concentrations a meristem becomes 
that of a root instead of a shoot ( Lindner, 
1938). Contrary to Lindner’s findings, 
Goldberg (1938) found that 3 per cent 
indoleacetic acid did not appear to have a 
direct effect on the organization of a 
meristem on decapitated cabbage seed- 
lings and Wardlaw has suggested that 
indoleacetic acid is“... primarily con- 
cerned with growth or the inhibition of 
growth, not with the inception of parti- 
cular forms or patterns ” ( Wardlaw, 1952, 
Pr S025): 

Genic factors are probably of primary 
importance in the processes of root and 
shoot formation, but little is known of 
the mechanism by which genes control 
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or determine particular processes. Ward- 
law (1953b) suggested that a working 
hypothesis might be found in Turing’s 
diffusion-reaction theory. This theory 
is expected to explain only some aspects 
of morphogenesis, nevertheless it is inter- 
esting to speculate that the inception of 
a meristem which becomes the meristem 
of a root or shoot, may be partly deter- 
mined by diffusion-reactions. 


Summary 


Root buds and lateral roots in Chamae- 
nerion angustifolium (L.) Scop. are endo- 
genous in origin as are the buds and 
roots which have been induced in paren- 
chymatous cells just below the distal cut 
surface of decapitated root buds. Shoot 
buds are exogenous in origin. 

Root-cuttings, grown in the laboratory, 
exhibited polarity in relation to callus, 
root and shoot formation: after a few 
days a mound of callus tissue develops 
at the distal cut surface; buds are formed 
towards the proximal end, and roots 
towards the distal end of cuttings. This 
polarity was not evident at first, but 
gradually developed, only becoming ob- 
vious after the fifth day of growth. 

When cuttings were treated with com- 
paratively low concentrations of indole- 
acetic acid, callus was produced at both 
ends of the cuttings, bud formation was 
inhibited and root formation and root 
branching stimulated, but there was no 
polarity in relation to root formation. 

The results of several experiments 
indicated that the length rather than the 
diameter of a root, cutting determined 
the number of buds produced. To some 
extent the size of a cutting also affected 
root formation, but there was no strict 
proportionality between either the length 
or the diameter of a cutting and the num- 
ber of roots formed. 

The results obtained in this investiga- 
tion are discussed in relation to several 
theories of morphogenesis. 

I wish to express my gratitude to 
Professor C. W. Wardlaw and Dr. A. 
Allsopp for their guidance and encourage- 
ment throughout this investigation, and 
to Mr. E. Ashby for the photographic 
illustrations. The investigation was under- 
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taken during the tenure of a Graduate 
Research Scholarship awarded by Man- 
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chester University and a State Scholar- 
ship of the Ministry of Education. 
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DEVELOPMENTAL ANATOMY OF CICHORIUM 
INTY BCS IHESS Dis vi 


I. W. KNOBLOCH 


Department of Natural Science, Michigan State College, U.S.A. 


The developmental anatomy of the root 
and hypocotyl of chicory, Cichorium 
intybus was described in a report by 
Knobloch ( 1954). Previous investigators 
of the chicory plant were interested 
primarily in differentiated tissues of the 
stem. Wilson (1922) found no lignified 
phloem parenchyma. Peterson ( 1882) 
and Kruch ( 1889-1890 ) noted the absence 
of medullary bundles. Dippel (1865) 
described the system of rays and the 
disposition of the latex vessels. Krüger 
(1898) and Hanstein (1864) showed that 
there is no medullary phloem. Krüger 
also gave a generalized account of stem 
structure. Trecul (1865) demonstrated 
that no laticifers occurin the pith. Herbst 
( 1894) made a short quantitative study 
of the numbers of ray cells in the stem. 


Material and Methods 


Excised samples from seedlings and 
mature plants were killed in various Craf 
formulae, dehydrated in a tertiary butyl 
alcohol series and imbedded in paraffin. 
Sections were stained, in most cases, with 
Conant’s quadruple stain. The photo- 
micrographs were taken with a 35 mm. 
camera attached to the microscope with 
an adapter. 


Abbreviations 


Inter phl, interfascicular phloem; fasc 
phi, fascicular phloem; fasc xyl, fascicular 
xylem; cr phl, crushed phloem; perid, 
periderm; phl, phloem; xyl, xylem; casp 
st, casparian strip; pr phl, primary phloem; 
prim xyl, primary xylem; promer, pro- 
meristem; grd mer, ground meristem; 


Lansing, Michigan. 


procam, procambial strand; st tip, stem 
tip; camb, cambium; cort, cortex; bdle 
cap, bundle cap; epid, epidermis; par, 
thick-walled parenchyma; hypo, hypo- 
dermis; chlor, chlorenchyma; coll, collen- 
chyma; per and end, pericycle and endo- 
dermis region. 


Observations 


Gross ASPECTS OF THE PLANT Bopy — 
Chicory has a perennial tap root and a 
large hypocotyl. A rosette of leaves 
forms on the short stem at the upper end 
of the hypocotyl. This stem also be- 
comes the aerial stem which ultimately 
bears the inflorescences. 

ORIGIN AND DEVELOPMENT OF THE 
STEM AXIS — The stem apex of, the 
embryo has two layers of tunica cells 
over the corpus ( Fig. 1). The divisions 


Fic. 1 —L.s. stem apex embryo. x 430. 


*Contribution No. 71 from the Department of Natural Science, Michigan State College, East 
Research was made possible by a grant from the All-College Research Fund. 
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in the tunica layers are chiefly anticlinal 
and those in the corpus are periclinal. 
At a lower level the promeristem cells 
differentiate into the protoderm, ground 
meristem and into procambial strands. 
The epidermal cells that differentiate 
from the protoderm cells are essentially 
isodiametric in cross-section and are much 
smaller in size than the adjacent cortical 
cells. The cortex originates from the 
ground meristem and eventually cons- 
titutes the largest fraction of the stem 
while it is in the primary condition. The 
innermost layer of the cortex is a well- 
defined endodermis with Casparian strips 


on the radial walls (Fig. 3). The pro- 
cambial strands differentiate into the 
vascular portions of the stem; the 


derivatives of these strands are treated 
below. 

The pericycle, the outermost zone of 
the stele, consists of several rows of 
parenchymatous cells between the endo- 
dermis and the primary phloem ( Fig. 3 ). 
The primary phloem is derived from the 
procambial strands. It consists of proto- 
phloem and metaphloem having as their 
components sieve tubes, companion cells 
and laticifers. The life span of the 
primary phloem is relatively short and 
the region becomes crushed after the 
onset of secondary growth. The endarch 
primary xylem differentiates from the 
inner cells of the procambial strands. 
The protoxylem and metaxylem are 
difficult to distinguish from each other 
in cross-section except on a positional 
basis. The primary xylem contains an- 
nular and spiral elements encased in un- 
differentiated parenchymatous cells ( Fig. 
4). The pith, which is derived directly 
from ground meristem, consists of thin- 
walled parenchymatous cells. 

A cross-section of the stem of a three- 
leaved seedling (Fig. 2) pictures some 
of the above mentioned tissues. Three 
of the leaf traces appear to be well deve- 
loped in this section. 

The fascicular cambium is a single row 
of residual procambial cells between the 
metaxylem and the metaphloem. The 
cambium cells are thin walled, rectangular 
in cross-section ( Fig. 6) and considerably 
elongated longitudinally. Fusiform 1ini- 
tials produce the xylem and phloem. 
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The secondary phloem is disposed in 
files or rows of sieve tubes, companion 
cells, other parenchyma cells and laticifers 
(Fig. 6). Peripherally the phloem ele- 
ments may be sclerenchymatized. There 
is no medullary phloem or any evidence 
of laticifers in the pith. 

The first-formed secondary xylem is 
composed of vessels, tracheids and paren- 
chyma cells. Xylem formed late in 
secondary differentiation has a different 
appearance from that first-formed due 
to the fact that the late-formed vessels 
and tracheids are more frequently dis- 
posed in narrow rows or files ( Fig. 6). 
The end walls of the vessels are usually 
simply perforate; a few are scalariform. 
The elliptical, bordered pits on the side 
walls are somewhat alternate in position 
CPigse7 ). 

The ray initials of the cambium have 
as their derivatives both rounded and 
elongated parenchyma cells, as seen in 
cross-section ( Fig. 5). 

AERIAL STEM — The aerial stem, which 
originates from the stem apex previously 
discussed, appears late in the season. It 
functions in the production of fruit and 
the manufacture of reserve food. A typical 
aerial stem is about forty-one inches high, 
has about thirteen primary branches, 
about twenty seven secondary branches 
and about 380 heads. All branches and 
the tip of the main stem terminate in 
from one to several inflorescences. Most 
of the heads are, however, disposed singly 
or in groups along the branches on short 
stalks. Frequently they are in pairs. 
Many are axillary in position. 

The apical region of the aerial stem 
provides a suitable place for the study 
of the primary tissues of this organ. In 
such a region one finds the protoderm, 
ground meristem and procambial strands 
(Fig. 8). The derivatives of these are, 
respectively, the epidermis, fundamental 
tissues and the vascular tissue. These 
derivatives are so similar to those des- 
cribed in connection with the stem apex 
originating from the embryo that a con- 
sideration of them will be omitted. 

The apical region of the aerial stem 
proper is characterized by inflorescence 
primordia which have differentiated from 
cells of the apical meristem (Fig. 8). 
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Fics. 2-7 — Fig. 
and primary phloem in apical stem. x 833. 


2. Vascular bundles in three-leaved seedling. x 80. 
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Fig. 3. Endodermis 


Fig. 4. Primary xylem in the apical stem. x 300. 


Fig. 5. Phloem ray in apical stem. x 300. Fig. 6. Secondary xylem and phloem in apical stem. x 93. 


Fig. 7. Pits in secondary xylem vessels. x 1200. 


The apical regions of the branches are 
likewise provided with inflorescence pri- 


mordia. There is a residuum of meri- 
stematic cells which continues apical 
growth and division until maturity. 


Fig. 10 illustrates the aerial stem un- 
der high magnification. The two-layered 
tunica is evident with the epidermal 
outer layer being composed of somewhat 
denser cells. A cross-sectional view below 
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the apex (Fig. 9) has the procambial 
strands lying within the ground meristem. 

In the interest of accuracy, it is not 
possible to speak of the structure of the 
aerial stem of chicory in the secondary 
condition unless one specifies a particular 
portion of the stem. It seems desirable, 
therefore, to study three representative 
regions of this organ. 

BASAL PORTION—The first region select- 
ed is that situated within an inch of the 
ground. The tissue pattern can be as- 
certained from Fig. 11. The epidermal 
cells are uniformly thickened with the 
outer tangential wall much the thicker. 
The cells themselves are smaller in dia- 
meter than those of the cortex. Many 
of the cells are filled with ergastic subs- 
tances. Both cuticle and stomates are 
present. 

The outer cortex is differentiated as a 
hypodermis composed of thick-walled 
cells. Chlorenchyma is absent and collen- 
chyma is scanty. Rigidity is promoted 
in the cortex by the thickness of the cell 
walls and by the production of curious 
‘brace’ walls. By means of the latter, 
the cortical cells are divided into two 


or more parts and since the majority of 


the ‘brace’ walls are at right angles to 
the epidermis, the cells and the entire 
tissue are apparently strengthened ( Fig. 
14). At this level there is a tendency 
for the epidermis to slough off in some 
areas. Divisions in the cortex then pro- 
duce a periderm ( Fig. 15). There is no 
distinct endodermis in the basal region. 

Bundle caps are prominent over the 
fascicular phloem. The cells of the bundle 
caps are probably pericyclic in origin 
inasmuch as the more apical sections 
(to be discussed later) show an endo- 
dermis skirting the outer edges of these 
fibres. 

The secondary vascular tissues originate 
from the layer of cells lying between the 
metaphloem and the metaxylem known 
as a cambium. This latter tissue forms 
a continuous band of tissue around the 
stem as seen in cross-section. 

The secondary phloem may be con- 
veniently divided into fascicular and 
interfascicular. The former has two 
growth patterns. The first formed and 
most peripheral fascicular phloem is com- 
pactly composed of sieve tubes, companion 
cells, other parenchyma cells and laticifers. 
The more recently formed is made up of 


Fics. 8-10 — Fig. 8. 
strands in cross-section aerial stem. 


Apex of aerial stem. 
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Fies. 11-13 — Fig. 11. Diagram of aerial 
stem near ground level. x 5. Fig. 12. Aerial 
stem nine inches above ground. x 9. Fig. 13. Aeri- 
al stem near top. x 14. 


tiers or rows of sieve tubes, companion 
cells, other parenchyma cells and laticifers, 
separated from each other by phloem rays 
of parenchyma cells. The interfascicular 
phloem is similar to the more recently 
formed fascicular phloem as described 
Kies 016); 

The secondary xylem has the appear- 
ance of a solid cylinder at this level due 
largely to the thick-walled cells of the 
medullary rays lying between the bundles 
(Figs. 11, 16). Vessels and tracheids 
comprise the bulk of the vascular ele- 
ments of the secondary xylem. The 
laterally placed bordered pits of the 
vessels are elliptical in shape and alternate 
in position. 

A pith is present having its peripheral 
cells characterized by much thicker walls 
than its more centrally placed cells. A 
small lacuna may be present in the center 
of the stem at this level. 


PHY TOMORPHOLOGY 


[ March 
STRUCTURE NINE INCHES ABOVE 
GROUND LEVEL — Transverse sections 


made nine inches above the ground 
level display enough differences in ana- 
tomical detail to merit discussion (Fig. 12). 
The epidermis and hypodermis are similar 
to the more basal portion. Collenchyma 
is present in groups at the rather in- 
distinct angles of the stem. Chloren- 
chyma tissue comprises the bulk of the 
cortex, a marked difference from the 
basal portion. No ‘brace’ walls were 
noted in the cortex as before. An 
endodermoid layer without Casparian 
strips or starch grains is locally distinct, 
particularly over the bundle caps and 
in the nodal regions. Sometimes this 
layer is double over the phloem and 
frequently the layer cells contain material 
resembling inulin. The bundle caps, of 
pericyclic fibres, are prominent over the 
fascicular phloem. 

The secondary phloem presents a quite 
different appearance here than it does 
in the basal portion. The tissue is 
mostly fascicular and has the same 
elements as noted previously. Inter- 
fascicular phloem is confined to small 
groups. Parenchyma cells separate the 
small groups, one from the other (Fig. 17). 

The cambium is interpreted as a single 
tier of cells as in the lower portion. The 
secondary xylem is both fascicular and 
interfascicular. The first formed fasci- 
cular xylem is composed of vessels, 
tracheids and some parenchyma. That 
nearest the cambium has relatively few 
vessels in it. The interfascicular xylem 
is made up mostly of tracheids while 
central to these is a large group of thick 
walled parenchyma cells ( Fig. 17). 

In the pith region the only significant 
difference to be noted is that the lacuna 
is larger. 

STRUCTURE NEAR TOP OF AERIAL 
STEM — In cross-sections obtained from 
near the top of the aerial stem some 
differences in anatomical detail are noted. 
The epidermis, hypodermis, chlorenchyma, 
collenchyma, endodermoid layer, primary 
phloem, primary xylem and cambium 
are all similar to their counterparts in 
the section nine inches above the ground. 
The main differences are the infrequency 
of the bundle caps, the paucity of inter- 


19557] 


fascicular phloem, the lack of inter- 
fascicular xylem, and the increase in 
size of a lacuna in the pith region (Figs. 13, 
18). 

PRIMARY BRANCHES — The epidermal 
cells are thick walled and the cuticle is 
rough due to the presence of irregular 
serrations. Stomates were noted as part 
of the epidermis. The hypodermis is 
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uniseriate except at the angles of the 
stem; the collenchyma being the ‘ domi- 
nant’ tissue at these points. The cor- 
tical chlorenchyma occupies several rows 
and is more or less restricted to the areas 
between the collenchyma. The endo- 


dermis is a single layer, the cells of which 
are seen to contain a material which may 
be inulin ( Fig. 19). 


Fics. 14-18 — Fig. 14. ‘ Brace’ walls in cortical cells of aerial stem at ground level. 480. 
Fig. 15. Division in cortical cells to form periderm in aerial stem. 300. Fig. 16. paper at 
xylem and phloem in aerial stem at ground level. 65. Fig. 17% Inter and intrafas icu > x em 
and phloem in aerial stem, nine inches from ground. x 93. Fig. 18. Fascicular xylem and phloem 


in top of aerial stem. 300. 
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Fics. 19-22 — Fig. 19. 


phloem of primary branch. x 295. 


The fascicular secondary phloem, com- 
posed of sieve tubes, companion cells and 
laticifers, is disposed in bundles around 
the stem (Fig. 20). The laticifers can 
be seen very clearly in Fig. 21. There is 
some interfascicular phloem. Pericyclic 
fibres lie on the outer edge of the phloem 
directly under the endodermis. The cam- 
bium is intrafascicular. 

The secondary xylem is fascicular and 
is composed mainly of large vessels with 
some tracheids. The pith cells are thin- 
walled in contrast to the lower portions. 
Intercellular spaces are common. A lacuna 
is evident in the center of the pith region. 
The protoxylem is present but scanty in 
amount. The interfascicular parenchyma 
rays are made up of thick-walled cells of 
small diameter. These two character- 
istics of the rays cells are unlike those of 
the pith cells with which the interfasci- 
cular cells connect. 


# 
es 


as à 
Kur +. 4 
RSS # 
een 
#2 en 


2 we 
A SE eres x 
> . oe y rer. 
IL TEE 
7. » a aa. AH 8 
X DTA 2 OÖ: 
AZ N 


Endodermis with inulin in primary branch. x 600. Fig. 20. Fasci- 
cular and interfascicular phloem, fascicular xylem, in primary branch. x 97. 


Fig. 21. Laticifers in 


Fig. 22. Crushed primary phloem in secondary branch. x 295. 


SECONDARY BRANCHES — The structure 
of the secondary branches differs in no 
major way from that of the primary 
branches. The main difference is that 
the secondary branches are smaller in 
diameter than the primary branches. 
Favorable sections, such as is shown in 
Fig. 22 show the crushed primary phloem. 


Discussion 


Since little work has been done on 
chicory by other workers it will be neces- 
sary, for the most part, to compare the 
findings in chicory with the conditions in 
the stems of other compositae. The two- 
layered tunica of the apex agrees with 
Gifford’s (1954) findings that the majority 
of composites investigated (11 out of 
15) have two tunica layers. 

The present study verifies the absence 
of medullary phloem in chicory noted 
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fore, worthy of note. 
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by Peterson (1882) and Krüger ( 1898). 
This condition is in contrast to that 
existing in Scorzonera, Sonchus and Lac- 
tuca (Weiss, 1883), Tragopogon, Crepis, 
Leontodon and Picridium ( Worsdell, 1919 ) 
and Lactuca (Hayward, 1948). Chicory 
also lacks laticifers in the pith, a fact 
noted by Trecul (1865). Dippel ( 1865 ) 
found laticifers in the phloem and cortex. 
We were not able to find them in the 
cortex. Krüger (1898) placed them in 
the phloem and observed that their 
lumen was larger than that of the other 
phloem cells. Krüger also noted the 
thickened walls of the outer phloem cells. 
Contrarywise, Wilson (1922) did not 
find lignified parenchyma in the phloem 
of chicory. 

One other feature of the embryonic 
stem apex deserves special mention, i.e. 
the endodermis. Our study has shown 
that the endodermis here has definite 
Casparian strips but in the aerial stem 
these strips are absent. Esau (1953) 
emphasized the fact that the endodermis 
is not too common in the stem of higher 
plants. Its presence in chicory is, there- 
Krüger (1898) 
also found the endodermis in chicory but 
he mentioned that it might have Cas- 
parian strips or be indistinct. A test on 
fresh local material with IKI revealed 
that the material in the endodermis of 
the aerial stem had a brownish cast and 
is, therefore, presumed to be inulin. This 
substance is common in many of the 
Compositae. A thickening of the endo- 
dermal walls, as seen by Worden ( 1935 ) 
in Senecio vulgaris, was not seen in 
chicory. : 

The most unique feature of the basal 
portion of the aerial stem is the supple- 
mentary radial walls of the cortical cells, 
tentatively termed ‘brace’ walls. The 
term ‘brace’ implies a function which 
cannot be validated except by the ana- 
tomical position of the walls. This may 
well be a unique method of securing 
support for the cortical tissue and may 
also act, secondarily, in preventing the 
crushing of the phloem tissue. In addi- 
tion to the ‘brace’ walls, the cortical 
cell walls themselves are thickened. 

Esau (1945) is of the opinion that 
bundle caps in higher dicotyledons, i.e. 
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Helianthus are of phloemic origin rather 
than from the pericycle. We have ten- 
tatively assigned the bundle caps of 
chicory to a pericyclic origin because of 
a peripherally contiguous endodermis. 
Diettert (1938) holds the latter view in 
regard to the bundle caps in the stem of 
Artemesia tridentata. 

Cells of the pith rays may be lignified as 
Krüger (1898) observed, a condition 
said to be characteristic of many Com- 
positae (Stover, 1951). 

One point worthy of comment about 
that part of the aerial stem nine inches 
from the ground is that concerning the 
cambium. Our study noted a cambium 
here. This finding contrasts with the 
statement of Vuillemin ( 1884) that the 
cambium is found only at the base of 
the stem in most species of Compositae. 
Nine inches above the ground level can 
hardly be considered basal. 


Summary 


Both the embryonic and the aerial 
stems of chicory were examined, com- 
mencing with the stem apex of the em- 
bryo. The primary and secondary tissues 
of the embryonic stem, as well as their 
derivatives were discussed. Previous to 
flowering the young apical stem proli- 
ferates a large number of leaves to pro- 
duce a rosette. 

The aerial stem arises from the stem 
tip in the rosette fairly late in the season, 
depending of course, upon local environ- 
mental conditions. 

The tunica has two layers, the cortex 
is distinguished, in the lower part of the 
aerial stem, by ‘brace’ walls, and an 
endodermis is present, both with and 
without Casparian strips depending upon 
the location of the section. Bundle caps, 
possibly of pericyclic origin, are present. 
The phloem is both inter and intra- 
fascicular. Laticifers are one of the 
characteristic features of the phloem. The 
xylem may be either fascicular in some 
parts of the stem or both inter and intrafas- 
cular in other parts. Xylem rays cells are 
frequently sclerenchymatized peripherally. 

The more important of the general 
changes in the differentiation pattern in 
the aerial stem are: an increase in chloren- 
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chyma, collenchyma and pith and a 
decrease in the number of bundles, of 
secondary xylem and phloem and of 
bundle caps in the distal regions of the 
stem as compared to the basal portions. 
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Thanks are extended to Dr. Ernest 
L. Stover for advice and to Dr. John 
E. Sass for reading and criticizing the 
manuscript. All existing errors are the 
responsibility of the author. 
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BLACKMAN, F. F. 1954. ‘ Analytic 
Studies in Plant Respiration.’’ Pp. 232. 
Cambridge University Press. 40s. net. 


F. F. BLACKMAN, for many years Reader 
in Botany at the University of Cambridge, 
retired in the year 1936 at the age of 70 
and died in 1947. Although a prodigious 
amount of work was done under his 
directions ( a good deal by Indian students 
also, the most prominent being P. Parija ), 
much never saw the light of the day. 
During his retirement Blackman hoped to 
collate his students’ and his own data 
into a suitable form for publication, but 
his passionate desire for perfection in 
anything he wrote always delayed things 
and it was left to Professor G. E. Briggs, 
one of his former pupils and at present 
Head of the Botany School at Cambridge, 
to do the job. 

The monograph comprises 9 chapters 
(3 published and 6 unpublished papers ) 
all concerned with the study of apples 
placed in atmospheres of different com- 
positions such as air, pure oxygen, pure 
nitrogen and varying mixtures of oxygen 
and nitrogen in which the oxygen content 
was less than 20 per cent. In the inter- 
pretation of his data Blackman did not 
bother about the fate of the individual 
reactants and the steps in their enzymic 
degradation. He wrote: “...we stress 
that our objective is to generalize the 
metabolism into classes of reactions and 
the biological control of their rates. This 
we take to be proper objective of physio- 
logy as segregated from biochemistry 
which seeks to individualize the reactants 
and the products of intermediate meta- 
bolism.’’ Judged from this point of view 
and the fact that the papers were written 
many years ago, the material is of a high 
quality and its publication in book form 
is most welcome. The most important 
part of Blackman’s conclusions is that 
oxygen has a triple role in respiration. 
Not only is it concerned directly in the 
oxidation mechanism, but it also controls 


the rate of supply of the substrate and in- 
duces a resynthesis of the products of 
glycolysis. 

The get-up of the book is excellent, but 
the price is prohibitive and the ponderous 
style in which it has been written is likely 
to discourage any but the most persevering 
student. It will be of value in libraries 
and to specialists in the field of respiration. 

P. MAHESHWARI 


BOREAU, E. 1954. “ Anatomie végétale. 
I. L’appareil végétatif des Phanéro- 
games.’ Presse Universitaire de 
France, Paris. Pp. 330. 


UNDER the advice and direction of Pro- 
fessor Roger Heim, who was President of 
the 8th International Botanical Congress 
at Stockholm, the University Press, Paris, 
has started publication of a series of books 
on plant science under the section “ Bio- 
logie végétale et Agronomie ”. Of these 
the present work by Professor E. Boreau, 
Deputy Director of the Museum of Natural 
History at Paris, deals with the anatomy 
of the vegetative organs of plants. The 
first volume, under review, concerns the 
primary structures, 1.e. cell wall, tissues, 
differentiation of xylem and phloem, etc. 
The secondary tissues of fossil and living 
plants will form the subjectmatter of the 
two following volumes. 

The first chapter deals with the struc- 
ture and organization of the plant cell and 
embraces such topics as the form and 
dimensions of the cell, plasmodesma, 
cellular adjustments during development, 
and structure and chemical constitution 
of the wall. The second deals with the 
tissues; there is also a brief discussion of 
the various theories concerning the or- 
ganization of the root and shoot apex. 
The anatomy of the seedling, particularly 
with reference to the differentiation of the 
vascular tissue and the transition between 
the root and the stem, forms the subject- 
matter of the third chapter. Then comes 
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the organization of the mature plant, 
including the root, stem and leaf. Both 
angiospermic and gymnospermic leaves 
are considered and there is a particularly 
good account of the types of stomata. 

The style is straightforward and:the 
basic terms and concepts are analysed in a 
clear fashion. At the end of every 
chapter there is a selected list of references 
which are not limited to French journals 
alone. 

Illustrations would naturally form an 
important part of every book on plant 
anatomy. In the present case all of these 
are line drawings except a microphoto- 
graph at the beginning of a cross-section 
of the stem of Hymenocrater calycinus 
(Labiatae ) showing interxylary layers 
of periderm. Many are diagrammatic, 
but serve their purpose quite well. 

The book is suitable for a course in plant 
anatomy at the university level, and the 
remaining two volumes are eagerly 
awaited. 

P. MAHESHWARI 


ÉÉOPOLD FAT E19 5 Anand 
Plant Growth.” Pp. 354. Univer- 
sity of California Press. $5.00. 


In the ever-increasing use of auxins in 
agriculture and horticulture is inherent 
the danger of neglecting the fundamental 
side of auxin research. This is indeed 
reflected in many recent papers claiming 
the virtues of one or the other chemical 
in increasing the yields of crops. It is 
obvious that the applied aspect cannot 
flourish if severed from the fundamental. 
For an intelligent application of auxins to 
agriculture a sufficient background of 
the mode of auxin action is imperative. 
Similarly, pure auxin research will lose 
much of its charm if the facts unravelled 
by it find no application in agriculture. 
Professor Leopold strikes a happy balance 
between the two in his book. The first 
part (186 pages) is a comprehensive 
treatment of the “ Fundamentals of 
auxin action” and the second (122 
pages) is devoted to ‘‘ Auxins in agri- 
culture ’’. 

Part I, divided into eight chapters, 
begins with definitions of hormone, 
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phytohormone, growth hormone, auxin, 
growth regulator and heteroauxin followed 
by a brief historical survey. The sub- 
sequent chapters include a discussion of 
the methods of extraction and measure- 
ment of auxins; their occurrence, function 
and fate; the divergent developmental, 
physiological and anatomical effects 
caused by them; their chemical nature; 
and finally the various theories about the 
mechanism of auxin action. 

Part II of the book, which is devoted 
to the applied aspect, is a detailed review 
of the use of auxins in rooting, partheno- 
carpy, flower and fruit thinning, control 
of pre-harvest drop, dormancy, storage 
and destruction of weeds. The author 
winds up with a stimulating discussion 
of the potentialities and future possi- 
bilities of auxins and auxin research. 

The fine get-up, neat presentation and 
innumerable line drawings help to main- 
tain a lively interest in the book. Meant 
“for the graduate student and the pro- 
fessional research man” a fairly high 
level is maintained throughout. Its use- 
fulness for the graduate student could be 
enhanced by inclusion of brief explanatory 
notes of such terms as pK value, lumi- 
chrome, roentgen, endogenous auxin, and 
w-oxidation. In the second chapter deal- 
ing with ‘Extraction and measurement 
techniques ’’ the description of the slit 
pea test could profitably be supplemented 
by a drawing of the pea plant indicating 
the stem section conventionally selected 
for the test. Perhaps the addition of an 
“Author Index’ would make the book 
even more valuable to the professional 
researcher. 

NIRMALA MATHUR 


SMALL, J. 1954. ““Modernaspectsvor 
pH, with special reference to plants 
and soils.’’ Pp. 247. Bailliere, Tin- 
dall & Cox Ltd. London. 20s. 


PROFESSOR JAMES SMALL is well known 
for his understanding of the relation bet- 
ween pH and plants, and is the author of 
two previous books on the subject, one 
published in 1929 and the other in 1946. 
The present work is, therefore, the result 
of mature experience and judgement. 
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After defining his terms and giving an 
account of the history of our knowledge 
of the pH scale, the author goes on to 
describe the methods of estimation of pH, 
both electrometric and indicator, and 
summarizes our knowledge of buffer action 
which is an important phenomenon in the 
physiology and ecology of plants as well 
as in industry. Then comes in Chapter V 
an exceedingly interesting account of pH 
and cell sap. It is pointed out that while 
the normal range in plants is pH 4-0-6-2, 
they are tolerant to a much wider range — 
1-4 in Opuntia, 7-4 in Pilobolus, and 
8-0-8-2 in many marine algae. 

There are interesting chapters on CO, 
effects, pH values in soil and water, en- 
zymes and pH, pH and succulents, and pH 
in industry. In his account of the relation 
between pH and the hydrolysis of starch 
the author gives a very thorough and 
interesting discussion, based on the work 
of Nutman and others, of the widespread 
custom of growing coffee trees under 
shade because full illumination results in 
a very poor crop. A study of the sto- 
mata shows that they are open and the 
photosynthetic rate is relatively high in 
shade while in strong sun they are closed 
and the photosynthetic rate is relatively 
low. In this respect coffee differs from 
most plants. The explanation for this 
difference is that normal stomata have an 
amylase like malt-diastase or phosphory- 
lase, and some organic acid or acids as a 
buffer system, while coffee stomata have 
a different amylase like a turnip diastase 
or phosphorylase and little or no buffer- 
ing organic acid. 

At the end there are two useful ap- 
pendices, the first giving some pH optima 
and ranges for certain micro-organisms, 
spores and disease organisms, and the 
second with the ‘common sense” of 
dissociation curves of acids. Finally, 
there is a bibliography of about 350 
references and an unusually complete 
author and subject index. 

P. MAHESHWARI 


SPARROW, A. H. et al. 1954. “ Abnor- 
mal and pathological plant growth.”’ 
Brookhaven Symposia in Biology, 
No. 6. Pp. 304. Brookhaven National 
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Laboratory, Upton, New York. $2.10 
( Paper ). 


Ir is known that various kinds of abnormal 
growths may be induced in plants by 
physical, chemical and biological agents 
or factors. They may be studied from the 
morphological, biochemical, physiological 
or genetical standpoint. 

The Biology Department of the Brook- 
haven National Laboratory at Upton, 
sponsored in August 1953, a very useful 
symposium on the above subject of which 
a report has been published in full. 

The first paper in the series is that of 
Professor F. Skoog concerning the che- 
mical substances involved in normal 
growth and differentiation. Experimental 
evidence is presented suggesting that the 
effects of auxin on growth, cell enlarge- 
ment, cell division, inhibition of root 
growth and correlative inhibition of buds 
are related to its effects on nucleic acids. 
It is pointed out that the IAA-induced 
increases in cell-size are proportional to 
increases in pentose nucleic acids, where- 
as IAA effects on cell division are perhaps 
correlated with the desoxypentose nucleic 
acid content of the cell. 

R. H. Wetmore deals with the ability 
of excised shoot apices to achieve full 
development. He reports uniformly suc- 
cessful results with the apices of Adian- 
tum pedatum, Selaginella willdenovir, Ly- 
copodium cernuum and Equisetum hyemele, 
taking portions only 0:25 mm. in length. 
The nutritional requirements of angio- 
spermic shoot apices were, however, found 
to be more exact and have still to be 
determined in detail. 

There are interesting papers by R. 
Bloch on prosoplasmatic galls involving 
an organic relationship of two different 
kinds of living cells — plant and animal; 
by Kehr & Smith on genetic tumours in 
Nicotiana hybrids; and by Riber & 
Hilderbrandt on the relation between 
nutrition and diseased plant growths. 

R. Klein and A. Braun have contributed 
two very stimulating papers on crown gall 
disease. Starting from the injection of 
pathogenic bacteria into a healthy stem 
and the appearance of tumerous plant 
cells, they show that secondary tumours 
may be produced even in the absence of a 
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wound and where there are apparently 
no bacteria. This secondary transforma- 
tion involves, according to Dr. Riker, 
“a transference of cytoplasmic entities 
from primary tumor cells which can then 
enter normal cells”. > 

De Ropp speaks of the induction of 
tumours on the stems of intact sunflowers 
by puncturing them with a needle bearing 
the crown-gall organism. There are, how- 
ever, substances like A-Methopterin which 
can inhibit the growth of the tumours at a 
concentration as low as 1 part in a billion. 
The difficulty, however, is that this 
material has an inhibiting effect on all 
cells whether they are the “honest 
citizens ’’ of the cellular population or the 
“criminal cellular elements whose un- 
restrained growth makes them a menace 
to the society of which they form a part”. 

Brakke, Vatter & Black describe the 
physical and chemical characteristics of 
the wound tumour virus on which Black 
has already published a number of papers 
in previous years. L. G. Nickell deals 
with the nutritional aspects of tumour 
growth. 

Another paper on virus responses is 
by L. ©. Kunkel who describes two types 
of effects: on cells in already formed or- 
gans and on cells in organs undergoing 
morphogenesis. 

C. D. LaRue presents some interesting 
observations on the regeneration of roots 
and shoots from the female gameto- 
phytes of Zamia and Cycas. Those of 
Ginkgo were also cultured and gave rise 
to warts and swellings, etc., but no buds or 
roots. Pollen grains of several gymno- 
sperms were grown on agar media. In 
Taxus cuspidatus and Cupressus funebris 
the pollen tubes developed to produce 
sperm nuclei. Those of Taxus showed 
many extra nuclei and other abnorma- 
lities including wall formation. In Zamia 
they lived for 6 months or more on nutrient 
agar and produced structures resembling 
early embryonic stages containing as 
many as 8 cells. 

There is a very able and up-to-date 
review of the morphogenesis of the legu- 
minous root nodule by O. N. Allen and 
E.K. Allen, one paper by E. G. Beck on 
the nature of the stimulus in the galls of 
Solidago produced by the moth Gnori- 
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moschema, and another by J. E. Gunckel 
and A. H. Sparrow on atypical growths 
caused by ionizing radiation. 

The monograph closes with a very 
useful subject index and an author index. 
For those interested in problems of mor- 
phogenesis it is a most stimulating 
publication. The only criticism, which 
the reviewer would like to make, is that 
the subject is depicted as sprung in its 
full glory from the head of Jove. Since 
scientific knowledge is neither impersonal 
nor its growth so sudden, it would have 
been useful if the editors had added an 
introductory chapter of a historical nature. 

| P. MAHESHWARI 


MELCHIOR, H. & WERDERMANN, E. 
1954. ‘A. Engler’s Syllabus der Pflan- 
zenfamilien mit besonderer Berück- 
sichtigung der Nutzpflanzen nebst 
einer Übersicht über die Florenreiche 
und Florengebiete der Erde. Band I. 
Bacterien bis Gymnospermen. Zwölfte 
völlig neugestallete Auflage.” Seite 367. 
Gebrüder Bortraeger, Berlin. DM. 40. 


THE first edition of Engler’s Syllabus 
appeared many years ago. Thereafter it 
underwent several revised editions and 
the 11th came out in 1936 under the 
supervision of L. Diels. The war delayed 
further revision and it is only now after 
some 18 years that the 12th edition has 
come out. Unfortunately (or perhaps 
quite fortunately!) all the blocks were 
destroyed during the war, and so a new set 
of illustrations has been prepared. 

The authors regret very much that they 
could not obtain and digest all the 
foreign literature on the subject. Not- 
withstanding, the entire manuscript has 
been so thoroughly revised, recast and 
enlarged that it is now a completely new 
book. Only the first volume has so far 
appeared. Apparently, when the second 
is also published, the total bulk will be 
approximately twice that of the former 
work. 

Among important taxonomic rearrange- 
ments special mention may be made of 
the following. The Myxophyceae and 
Bacteria are no longer included in a com- 
mon class Schizophyta but assigned to 
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separate classes — Bacteriophyta and 
Cyanophyta; and a new class Glaucophyta 
has been set up to include some little 
known endosymbionts. The Flagellatae 
are regarded as the progenitors of various 
groups of algae, the Heterokontae have 
been united with the Bacillariophyta and 
the Conjugatae with the Chlorophyceae. 
In the division of the Phaeophyta con- 
siderable weight has been given to Kylin’s 
views. The Archimycetes are regarded 
as closer to the Myxomycetes than to the 
true fungi. It is pointed out that ac- 
cording to Gäumann they are really 
flagellates which have become adapted to 
a parasitic life and are included under the 
fungi only for the convenience of plant 
pathologists. In the Bryophyta only 
two principal divisions are recognized: 
Hepaticae and Musci. In the Pterido- 
phyta we have the Psilophytopsida ( Rhy- 
niaceae, Zosterophyllaceae, Psilophyta- 
ceae, Asteroxylaceae, Pseudosporochna- 
ceae ); Lycopsida ( Protolepidodendrales, 
Lycopodiales, Selaginellales, Lepidoden- 
 drales, Isoetales ); Psilotopsida ( Psilo- 


REVIEWS 


159 


tales ); Sphenopsida ( Hyeniales, Pseudo- 
borniales, Sphenophyllales, Calamitales, 
Equisetales ) ; and Pteropsida ( Primofilices, 
Eusporangiatae, Protoleptosporangiatae, 
Leptosporangiatae ). The Gymnosperms 
have been classified into Cycadopsida 
( Pteridospermae, Caytoniales, Cycadales, 
Nilssoniales, Benettitales, Pentoxylales, 
Ginkgoales ); Coniferopsida ( Cordaitales, 
Coniferae ); Taxopsida ( Taxales); and 
Chlamydospermae ( Gnetales ). 

While any individual botanist may have 
a difference of opinion with one part or 
the other of these rearrangements, there 
is little doubt that Professors Melchior 
and Werdermann have produced a most 
workable book which will remain a handy 
reference that is not likely to be super- 
seded until the publisher brings out a 
still newer edition. Of this book it can 
be truly said (as of “the Dictionary of 
Flowering Plants and Ferns ” by Willis) 
that no botanist should permit himself 
to be without it. 


P. MAHESHWARI 
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1. Unless confusion would otherwise arise, 
the author’s name should appear as initials ( but 
female authors may use one given name in full ) 
and surnames only, without titles or suffixes. 
The name and address of the laboratory where 
the work was performed should be noted inime- 
diately below authors name. Any necessary 
descriptive material regarding the author, e.g. 
Senior Fellow, National Institute of Sciences, 
India, or details of financial support, should ap- 
pear as a footnote on the first page, or preferably, 
in the acknowledgements at the end of the paper. 

2. Articles will be received only from members 
of the International Society of Plant Morpho- 
logists and may be written in English, French or 
German. Although no definite limit can be laid 
down, papers should not ordinarily exceed 20 
printed pages. While it is recognized that full 
detail is essential in many cases, a good many 
articles can be shortened by changes in wording, 
by avoiding a description of what is already well 
known, and by elimination of repetition. 

3. Authors are requested to examine this copy 
of Phytomorphology to note the general organiza- 
tion, position of headings, punctuation and abbre- 
viations in order to bring the script into conformity 
with the general style of the journal. Footnotes 
should be numbered consecutively as 1, 2, 3, etc. 

4. In many manuscripts sent to the editors, 
footnotes, bibliographies, descriptions of figures, 
etc.,aretypedsinglespaced. Since such material 
requires as much editorial marking as the rest, au- 
thors are urged to use double spacing throughout. 

5. Literature citations are to be typed double 
spaced like rest of the manuscript. Give comp- 
lete citation: author, year, title, name of journal, 
volume number and inclusive pages. In abbre- 
viating names of journals follow ‘ World List of 
Scientific Periodicals ’’, or the ‘‘ U.S. Department 
of Agriculture list of abbreviations’’, or the 
list given in Biological Abstracts. The words 
“Indian ’ and ‘Indiana’ should not be abbre- 
viated. A sample citation is given below: 
STOKEY, A. G. 1948. The gametophyte of Actini- 

opteris australis. J. Indian Bot. Soc. 27 : 40-49. 

6. The patterns of headings should be as simple 
as possible and not more than three classes are 
to be used. Headings of the first class should be 
underscored with a bold wavy line, of the second 
with two parallel straight lines and of the third 
with a single straight line. 

7. Drawings should be made with pen and 
undiluted India ink for reproduction by the zinc 
etching process. Group as many drawings as 
possible and mount them close together on heavy 


white cardboard for reduction to the width of a 
single column (6 cm.) or to the full width of the 
page (13 cm.). A part or all of the length of the 
page (20 cm.) may be utilized but it would be 
helpful if some space is left at the bottom to per- 
mit insertion of legend below the figures. It is 
not possible to accept loose figures or figures so 
mounted as to leave large unused spaces between 
them. Author’s name and figure number must 
be written on the back of each mount. Do not 
affix legends to the figures but type them double 
spaced on a separate sheet. Photographic prints 
should be glossy with strong contrasts. Line 
drawings will be preferred, however, both because 
of the lower cost of reproduction and their rela- 
tive clearness. When submitting manuscript, give 
the original magnifications of the illustrations. 
These will be revised later in accordance with the 
reduction to which the figures are subjected in 
reproduction. Alternatively give a dimensional 
scale in microns or mm. for each figure or for 
each group of figures differing in magnification. 

The thickness of the lines and dots should be 
planned with the desired reduction in mind; it is 
also important to calculate the requisite spaces 
between lines and dots. 

Illustrations (including tables and graphs ) 
should not exceed 20 per cent of the text; authors 
of more copiously illustrated articles may be 
asked to pay for the excess. 

8. Latin names of plants should be used in all 
cases in preference to common names, and when 
a plant is comparatively little known, the name 
of the family should be given in brackets. Un- 
derline both generic and specific names through- 
out the manuscript. Specific names should 
always be written with a small letter. 

9. Place all acknowledgements at the end of 
the paper just after “Summary’ and before 
“Literature Cited. 

10. It is extremely important that galley proofs 
are promptly returned to the editor. Authors will 
be billed at cost for alterations in proofs other 
than corrections of printer’s errors. It is useful 
to write across top of title page of manuscript 
directions for mailing of proof, thus: Mail proof 
to (author’s name and vacation address, if any ). 
If authors wish to have original illustrations re- 
turned subsequent to publication, the editor sho- 
uld beso informed at the time proof is returned. 

11. Order for reprints should be sent to editor 
with corrected galley proof. Type is destroyed im- 
mediately after printing ; hence it becomes impos- 
sible to supply reprints after publication of papers. 
Thirty reprints are supplied free to the author. 
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BIOLOGICAL ABSTRACTS 


COVERS THE WORLD’S BIOLOGICAL LITERATURE 


How do you keep abreast of the 
literature in your field? Perhaps some 
relatively obscure journal has published 
a revealing paper on the very subject 
in which you are most interested. In- 
formative, concise abridgements of all the 
significant contributions will be found 
in Biological Abstracts. 


As well as the complete edition, 
covering all the biological literature from 
some 3,000 journals, Biological Abstracts 
also is published in five low-priced 
sectional editions, to meet the needs of 
individual biologists. Section D (Plant 
Sciences ) affords a very complete cover- 
age of Plant Anatomy, Morphology, and 
related fields—and it is priced at only 
$ 7.50 a year ( including foreign postage ). 
Write for full information and a sample 
copy. 
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These two quarterly journals, prepared by the 
COMMONWEALTH BUREAU OF PASTURES AND FIELD 
Crops, Hurley, Berkshire, England, provide you 
with abstracts from the world’s current scientific 
literature on (a) grasslands, fodder crops and their 
management, and (b) annual field crops, both tempe- 
rate and tropical. Agriculturists who need to keep 
abreast of the latest research and developments in 
these fields, but who cannot afford the time to read 
the mass of agricultural publications now appearing, 
will find it well worth while to scan these two 
journals regularly. The annual indexes, dating from 
1930 and 1948, respectively, form a valuable source 


of reference to past work. 
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